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1. Introduction

Liver cancer remains a global health challenge, and its 
incidence is steadily rising worldwide (1,2). Estimates 
are that by 2025, over a million individuals annually 
will be affected by liver cancer (3). Hepatocellular 
carcinoma (HCC) accounts for approximately 90% of 
liver cancer cases and is the most prevalent subtype. 
The primary methods for treating HCC involve surgical 
interventions, including liver resection (LR) and liver 
transplantation (LT). LT faces challenges due to organ 
scarcity and a prolonged waiting time, leading to 
patients being dropped from the waiting list due to tumor 
progression. Studies conducted across multiple centers 
in China, Italy, Japan, and the United States suggest that 
the likelihood of achieving a cure through resection is 
comparable to transplantation when the dropout rate 
exceeds 20% (4). Moreover, factors such as cancer 
thrombus formation, microvascular infiltration, a tumor 
diameter exceeding 5 cm, poor tumor differentiation, 
narrow surgical margins (< 1.0 cm), multifocal tumors, 
satellite nodules, and lymph node metastasis contribute 
to early recurrence following curative LR (5-7). Global 
liver cancer guidelines (as shown in Table 1), including 

those from the European Association for the Study of 
the Liver (EASL) (8), Barcelona Clinic Liver Cancer 
(BCLC) (9), American Association for the Study of 
Liver Diseases (AASLD) (10), National Comprehensive 
Cancer Network (NCCN) (11), China (12), Japan 
Society of Hepatology (JSH) (13), Korean Liver Cancer 
Association-National Cancer Center (KLCA-NCC) 
(14), and Indian National Association for the Study of 
the Liver (INASL) (15), indicate a recurrence rate of 
10–40% after LT. Furthermore, 70% of patients with 
HCC experience recurrence within 5 years post-LR, 
with early recurrence (< 2 years) constituting 60–70% of 
recurrent cases. Postoperative recurrence of HCC poses 
a significant challenge to cure, resulting in low survival 
rates for patients (16,17). Therefore, the identification of 
effective approaches to reduce postoperative recurrence 
and enhance the curative resection rate is of paramount 
importance.
 Traditionally, adjuvant therapy refers to postoperative 
treatment aimed at  consolidating the surgical 
intervention's role in eliminating residual tumor cells. 
However, concerns persist regarding the effectiveness 
and safety of postoperative adjuvant therapy for HCC. 
For instance, postoperative sorafenib therapy following 
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Hepatocellular carcinoma (HCC), a challenging malignancy, often necessitates surgical intervention, 
notably liver resection. However, the high recurrence rate, reaching 70% within 5 years post-resection, 
significantly impacts patient outcomes. Neoadjuvant therapies aim to preoperatively address this 
challenge, reducing lesion size, improving surgical resection rates, deactivating potential micro-
metastases, and ultimately lowering postoperative recurrence rates. This review concentrates on 
advances in research on and clinical use of neoadjuvant therapies for HCC, with particular attention 
to the use of immune checkpoint inhibitors (ICIs) targeting programmed cell death-1 (PD-1), 
programmed cell death ligand-1 (PD-L1), and cytotoxic T-lymphocyte-associated protein-4 (CTLA-4). 
Ongoing clinical studies exploring immunotherapy combined with a tyrosine kinase inhibitor (TKI), 
interventional therapy, radiotherapy, and other modalities offer promising insights into overcoming 
resistance to monotherapies. In summary, neoadjuvant therapies hold significant promise in terms of 
improving the prognosis for patients with HCC and enhancing long-term survival, particularly through 
innovative combination strategies.
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resection or ablation did not improve overall survival 
(OS) or disease-free survival (DFS) (17). In contrast to 
adjuvant radiotherapy, neoadjuvant radiotherapy has 
shown potential in improving long-term survival for 
patients (18). Considering current perspectives, early 
metastases often exist at the time of diagnosis, even 
when conventional imaging or standard diagnostic 
methods may not detect them. Therefore, neoadjuvant 
therapy (NAT), as a preoperative treatment approach, 
has garnered increasing attention (as shown in Figure 1). 
In the context of HCC, NAT presents an opportunity to 
reduce tumor staging and prevent early recurrence.
 As many patients exhibit impaired liver function 
at the baseline, preserving the future liver remnant by 
shrinking tumors may expand the population eligible for 
surgery or ablation. NAT can inactivate potential micro-
metastases, enhance surgical resection outcomes, and 
reduce postoperative recurrence rates. It can also reduce 
lesion size, offering a chance for R0 surgical resection in 
potentially operable cases, thus increasing the surgical 
resection rate. According to the EASL (19), INASL (15), 
and KLCA-NCC (14) guidelines, the concept of NAT 
extends to LT, potentially lowering patients to the Milan 
criteria or expanding the transplant criteria.
 This review specifically discusses NAT, which 
is intended to eliminate residual hidden cancer cells 
after resection and provide a means to explore the 
biological characteristics of tumors, for resectable HCC. 
For instance, the pathological response to NAT can 
offer prognostic information and guide the selection 
of adjuvant treatment regimens. Research on NAT 
deepens our understanding of the mechanisms of HCC 
pathogenesis and progression, it fosters the discovery 
of more effective strategies for treating HCC, and it 
positively influences the standardized implementation of 
NAT.

2. Surgical resection alone vs. NAT followed by 
surgical resection in resectable HCC

The fundamental principles for patients with HCC 
undergoing LR are as follows: (1) Completeness: 
thorough removal of the tumor with no residual 
tumor at the margins; (2) Safety: preservation of an 
adequate volume of functional liver tissue to ensure 
compensatory liver function postoperatively, reduce 
surgical complications, and lower mortality rates (12). 
However, determining resectability is a complex issue. 
In 2023, Japanese experts conducted relevant studies on 
the concept of resectability in HCC (20). Referring to 
the concept of classifying pancreatic cancer, resectability 
in HCC is categorized into resectable, potentially 
resectable, and unresectable. Unresectable HCC (uHCC) 
is defined as a disease with distant metastasis or the 
inability to achieve macroscopically radical resection 
(21). The residual liver indocyanine green clearance 
rate (ICG-Krem) and major vessel infiltration were 
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selected as determinants for potentially resectable 
HCC, defining potentially resectable HCC as a high-
risk group with clinically relevant liver failure after LR 
assessed with ICG-Krem and/or HCC with major vessel 
infiltration (21,22). Major vessel infiltration is defined 
as involvement of Vp2-Vp4 and/or Vv2-Vv3 (23). ICG-
Krem = preoperative ICG clearance rate × future liver 
remnant volume (FLRV) / total liver volume (TLV). 
According to studies and relevant guidelines (21,22,24), 
ICG-Krem < 0.03 is defined as uHCC, ICG-Krem < 
0.05–≥ 0.03 is defined as potentially resectable HCC, 
and the rest are classified as resectable HCC. Chinese 
experts have implemented a more detailed classification 
of uHCC, identifying two primary types (25). The 
first type is characterized by surgical unresectability, 
encompassing patients who are unable to endure surgical 
trauma due to factors such as their general condition, 
liver function, and insufficient FLRV. The second type 
of uHCC is technically resectable but effectiveness 
cannot be achieved compared to non-surgical treatment 

after resection, rendering it oncologically/biologically 
unresectable.
 In patients with resectable HCC, those who 
underwent NAT before surgery have significantly 
improved survival rates and outcomes compared to those 
underwent surgery alone. Findings from a multicenter 
randomized controlled clinical trial involving 208 
patients with resectable HCC in stage III revealed that 
patients in the neoadjuvant hepatic arterial infusion 
chemotherapy (HAIC) group had markedly higher 
1-year, 2-year, and 3-year OS rates (92.9%, 78.6%, and 
63.5%, respectively) in contrast to the surgery-alone 
group (79.5%, 62.0%, and 46.3%, respectively) (p = 
0.016) (26). In another multicenter phase III clinical trial 
involving 487 patients with resectable HCC, those who 
underwent neoadjuvant HAIC had significantly higher 
1-year, 2-year, and 3-year OS rates (97.7%, 86.3%, and 
77.1%, respectively) compared to the surgery-alone 
group (90.0%, 80.9%, and 70.6%, respectively) (p = 
0.032) (27). A retrospective analysis of 100 high-risk 

Figure 1. Evolution of clinical research on neoadjuvant therapy in hepatocellular carcinoma. The figure delineates the historical progression of 
neoadjuvant therapy protocols utilized in clinical studies on hepatocellular carcinoma, showcasing the emergence of novel treatment modalities over 
time.
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patients with resectable HCC at various centers indicated 
that patients who received triple NAT consisting of 
lenvatinib, anti-programmed cell death-1 (PD-1) 
antibody, and transcatheter arterial chemoembolization 
(TACE) had a significantly improved DFS and OS 
compared to the surgery-alone group. The OS rates at 6, 
12, 18, and 24 months in the NAT group were 100.0%, 
100.0%, 100.0%, and 85.7%, respectively, whereas the 
surgery group's OS rates were 92.1%, 73.7%, 53.9%, 
and 48.7%, respectively (p < 0.001) (28). Moreover, the 
NAT group had markedly superior DFS rates at 6, 12, 
18, and 24 months (82.2%, 66.95%, 48.8%, and 48.8%, 
respectively) compared to the surgery-alone group 
(41.92%, 28.34%, 27.05%, and 22.99%, respectively) 
(p = 0.003) (28). In patients with Chinese Liver Cancer 
(CNLC) stage IIb-IIIa resectable HCC, those who 
underwent NAT with camrelizumab plus apatinib 
for 1 year had significantly higher OS rates than the 
surgery-alone group (100% vs. 74.2%) (p = 0.023). In 
addition, the NAT group had a substantially lower 1-year 
recurrence rate than the surgery-alone group (42.9% vs. 
64.0%, p = 0.050) (29). In the subset of HCC patients 
with a single tumor, the 1-year recurrence rate in the 
surgery-alone group was notably higher compared to the 
NAT group (71.0% vs. 25.0%, p = 0.022) (29).
 NAT results in enhanced OS and DFS outcomes, 
particularly in patients with massive resectable HCC 
(≥ 10 cm). A 10-year retrospective analysis over the 
period from 2004 to 2014 revealed that patients with 
massive resectable HCC (≥ 10 cm) who underwent 
neoadjuvant TACE had a significantly improved median 
OS compared to the surgery-alone group (32.8 months 
vs. 22.3 months , p = 0.035) and a better DFS (12.9 
months vs. 6.4 months, p = 0.016) (30). In patients 
with resectable HCC and portal vein tumor thrombus 
(PVTT), the neoadjuvant radiation therapy group had 
significantly improved 6-month, 12-month, 18-month, 
and 24-month OS rates (89.0%, 75.2%, 43.9%, and 
27.4%, respectively) compared to the surgery-alone 
group (81.7%, 43.1%, 16.7%, and 9.4%, respectively) (p 
< 0.001) (31). Moreover, the corresponding DFS rates 
for the neoadjuvant radiation therapy group at 6, 12, 
18, and 24 months (56.9%, 33.0%, 20.3%, and 13.3%, 
respectively) were superior to those of the surgery-alone 
group (42.1%, 14.9%, 5.0%, and 3.3%, respectively) (p 
< 0.001) (31). Among patients with HCC and PVTT, the 
neoadjuvant folinic acid, fluorouracil, and oxaliplatin 
(FOLFOX)-HAIC treatment group had significantly 
higher 1-year, 3-year, and 5-year OS rates (94.9%, 78%, 
and 66.4%, respectively) compared to the surgery-alone 
group (84.6%, 47.6%, and 37.2%, respectively) (p < 
0.001) (32). In addition, the neoadjuvant FOLFOX-
HAIC group had superior 1-year, 3-year, and 5-year 
recurrence-free survival (RFS) rates (88.7%, 56.2%, 
and 38.6%, respectively) compared to the surgery-alone 
group (84.9%, 38.3%, and 22.6%, respectively) (p = 
0.002) (32).

3. NAT strategies prior to LR in HCC

One of the key objectives of NAT in resectable HCC is to 
enhance overall efficacy and prevent early postoperative 
metastasis. In addition, NAT functions as a biological 
assay to evaluate the feasibility of surgery and the 
tumor's responsiveness to treatment. The choice of an 
optimal NAT regimen is pivotal, given its substantial 
impact on patient prognosis. Through a thorough 
examination of current studies, as depicted in Figure 
2, primary neoadjuvant strategies for HCC before LR 
encompass interventional therapy, radiation therapy, 
systemic treatment, and combination therapy.

3.1. Interventional therapy

The utilization of neoadjuvant TACE was initially 
reported by Monden et al. in 1989 (33). A retrospective 
analysis from 1990 to 1995 subsequently revealed 
that the 5-year DFS rate was 51.0% for the group 
that underwent TACE treatment two or more times 
preoperatively, 35.5% for the group that underwent 
TACE treatment once preoperatively, and 21.4% for the 
group that underwent no preoperative TACE treatment. 
The average DFS for these groups were 66.4 months, 
22.5 months, and 12.5 months, respectively, suggesting 
a significant improvement in patient prognosis with 
preoperative TACE neoadjuvant therapy (34). In 

Figure 2. Schematic representation of neoadjuvant therapeutic 
mechanisms in hepatocellular carcinoma (HCC). Current 
neoadjuvant therapeutic strategies for HCC are characterized by the 
predominant utilization of interventional, radiation, and systemic 
modalities, with a discernible escalation in the prevalence of 
combination therapies within these treatment paradigms. Interventional 
approaches are exemplified by transarterial chemoembolization (TACE) 
and hepatic arterial infusion chemotherapy (HAIC). Radiation therapies 
include transarterial radioembolization (TARE), stereotactic body 
radiation therapy (SBRT), 3-dimensional conformal radiotherapy (3-
DCRT), and intensity-modulated radiation therapy (IMRT). Systemic 
treatments predominantly involve tyrosine kinase inhibitors (TKI) 
and immune checkpoint inhibitors (ICI). An observable trend is the 
increasing adoption of diverse combination strategies among these 
therapeutic modalities.
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2009, a study investigated the impact of preoperative 
TACE on the surgical outcomes of patients with 
resectable large HCC (diameter ≥ 5 cm). Although not 
statistically significant, the preoperative TACE group 
had a seemingly better DFS and OS than the control 
group (35). In 2010, a retrospective analysis of Korean 
patients with resectable HCC compared the survival 
outcomes of patients who received preoperative TACE 
treatment with those who underwent LR alone. The 
study, involving 1,530 patients with HCC, indicated 
that patients who underwent TACE before resection had 
similar 1-year, 2-year, and 5-year OS rates compared to 
those who did not receive preoperative treatment (p = 
0.11) (36). However, patients in the preoperative TACE 
group had lower rates of DFS (36). In 2014, findings 
from a single-center study in China, encompassing 
183 patients who received neoadjuvant TACE and 405 
patients who underwent LR alone, had similar 1-year, 
3-year, and 5-year OS rates (p = 0.739) (37). A phase III 
clinical study involving seven centers in China revealed 
that neoadjuvant FOLFOX-HAIC could improve the 
prognosis for patients with resectable BCLC A/B stage 
HCC beyond the Milan criteria. The disease control rate 
(DCR) in the NAT group reached 97.4% (27). A safety 
assessment indicated that neoadjuvant HAIC treatment 
was relatively safe, with rates of surgery-related adverse 
events (AEs) being similar between the NAT and control 
groups (p = 0.265) (27). Another phase III clinical trial, 
conducted between 2016 and 2020 at five hospitals 
in China, yielded comparable results. Patients in the 
NAT group had significantly better 6-month, 12-month, 
and 18-month PFS rates (77.6%, 50.4%, and 47.4%, 
respectively) than patients in the control group (52.7%, 
42.8%, and 34.8%, respectively) (p = 0.017) (26). 
Preoperative 90Y transarterial radioembolization (TARE) 
has demonstrated benefits in increasing the functional 
residual liver volume (38). Findings from a clinical study 
in 2023 revealed that patients with locally advanced 
HCC treated with 90Y-selective internal radiation therapy 
(SIRT) before LR had a significantly improved 5-year 
OS and RFS compared to those underwent early LR (5-
year OS 69.0% vs. 47.5%, p = 0.048; 5-year RFS 53.5% 
vs. 27.0%, p = 0.047) (39). Moreover, the 5-year OS 
and RFS in the NAT group were comparable to those 
of patients who underwent early LR (5-year OS 69.0% 
vs. 62.6%, p = 0.475; 5-year RFS 53.5% vs. 39.0%, p = 
0.736) (39).

3.2. Radiation therapy

Preoperative treatment with 131I-lipiodol has been found 
to lead to a reduction in serum alpha-fetoprotein (AFP) 
levels by more than 50% in 70% of patients (40). Out 
of 34 patients from whom postoperative tumor tissue 
samples were obtained, 25 displayed an objective 
response or tumor necrosis exceeding 90% (40). The 
RFS rates of the patients at 1, 2, and 3 years after surgery 

were 94%, 48%, and 48%, respectively (40).
 Compared to the surgery-alone group, preoperative 
neoadjuvant three-dimensional conformal radiotherapy 
(3-DCRT) significantly reduced the recurrence rate 
and HCC-related mortality in patients with HCC and 
main portal vein thrombus (41). A clinical trial in 2018 
indicated that preoperative SIRT can improve outcomes 
in patients with cirrhotic HCC; a major pathological 
response (MPR) was achieved postoperatively in 80% 
of patients treated with neoadjuvant radiotherapy and a 
pathological complete response (pCR) was achieved in 
40% (42). In 2019, a study indicated that neoadjuvant 
3-DCRT significantly reduced HCC-associated mortality 
and recurrence rates compared to surgery alone in 
patients with resectable HCC and PVTT (hazard ratio 
(HR): 0.35 vs. 0.45, p < 0.001) (31).
 In 2020, a study indicated that preoperative treatment 
with SIRT facilitated the recruitment/activation of 
effector immune cells within the tumor. This resulted in 
a significant increase in tumor-infiltrating lymphocytes 
(TILs), CD4(+) T cells, CD8(+) T cells, and granzyme B 
(GZB) compared to patients in either the surgery-alone 
group or the group undergoing TACE preoperatively (43).
A 2021 clinical study indicated a 65.3% 5-year OS rate 
for patients receiving neoadjuvant radiation therapy, 
compared to 46.6% in the surgery-alone group. In 
addition, the study found that neoadjuvant radiation 
therapy was significantly associated with improved OS 
(HR 0.549; p = 0.023) (44). In 2022, a phase II clinical 
trial investigated the use of neoadjuvant intensity-
modulated radiotherapy (IMRT) for centrally located 
HCC. Results revealed notable outcomes, with 1-year, 
3-year, and 5-year OS rates of 94.6%, 75.4%, and 69.1%, 
respectively. The DFS rates were 70.3%, 54.1%, and 
41.0%, with a median DFS of 45.8 months. Moreover, an 
MPR was achieved in 34.2% of patients, and a pCR was 
achieved in 13.2% (45).

3.3. Systemic therapy

The advent of tyrosine kinase inhibitors (TKIs) marks 
a new era in systemic therapy for HCC, and sorafenib, 
which is a NAT, has exhibited a favorable safety profile 
in patients with resectable HCC (46). In recent years, 
immunotherapy has emerged as a prominent area 
of research for the treatment of HCC, and its main 
mechanisms include induction of immune responses, 
promotion of immunogenicity, regulation of immune 
responses, recruitment of cytotoxic immune cells, 
stimulation of cytotoxic T cell proliferation, reduction of 
immune tolerance, and other related factors. Extensive 
research is currently being conducted on monotherapy 
immunotherapy, and specifically immune checkpoint 
inhibitors (ICIs) that target PD-1, programmed cell death 
ligand-1 (PD-L1), and cytotoxic T-lymphocyte-associated 
protein-4 (CTLA-4).
 As an example, the PD-1-targeting antibody 
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cemiplimab is used in NAT for patients with resectable 
HCC, yielding an R0 resection rate of 95.2%. Notably, 
a pCR with over 70% necrosis was observed in 20% 
of patients, and an MPR with 50–70% necrosis was 
observed in 15% (47). Following NAT with toripalimab, 
80% of patients (8/10) underwent LR, with an incidence 
of MPR of 20% (48). In patients with resectable HCC 
receiving monotherapy with nivolumab, an MPR was 
achieved in approximately 33% (49).

3.4. Combination therapy

Combination therapy has shown promise in enhancing 
the efficacy of HCC treatment compared to monotherapy, 
making it a prospective approach to address the challenge 
of resistance to monotherapy as more clinical trials are 
conducted.
 (1) Anti-PD-1 antibody combined with TKIs
 In a study of 24 patients with resectable HCC 
receiving NAT with tislelizumab combined with 
lenvatinib, 17 patients (70.8%) underwent R0 resection, a 
pCR was achieved in 17.6%, and an MPR was achieved 
in 35.3% (necrosis >70%) (50). After undergoing 
NAT with nivolumab combined with cabozantinib, R0 
resection was successfully performed in approximately 
85.7% of patients. In addition, an MPR or a cPR was 
observed in 41.7% of tumor specimens (51). In the NAT 
group receiving toripalimab combined with lenvatinib, 
all 8 patients underwent surgical resection, and 
immunohistochemical analysis of tumor tissue infiltration 
revealed increased T-cell infiltration in responsive tumor 
tissue compared to non-responsive tumor tissue (48).
 (2) Anti-PD-1 antibody combined with a vascular 
endothelial growth factor receptor (VEGFR) antagonist
 In HCC patients with a high risk of recurrence, 
NAT combining camrelizumab and apatinib resulted 
in a favorable pathological response. In a study 
focusing on patients with resectable HCC with a high 
risk of recurrence, a 100% R0 surgical resection rate 
was achieved in those who underwent NAT with 
camrelizumab combined with apatinib (52). A MPR 
was observed in 38.5% of those patients, and a pCR 
was noted in 7.7%. Another clinical trial involving HCC 
patients with an intermediate to high risk of recurrence 
reported that approximately 89% of patients successfully 
underwent LR after receiving camrelizumab combined 
with apatinib, with a corresponding MPR rate of 46.2% 
in patients who underwent LR (53). In patients who 
underwent NAT with camrelizumab combined with 
apatinib, the LR rate was 94.4%, the MPR rate was 
29.4% (5/17), and the pCR rate was 5.9% (1/17) (54).
 (3) Anti-PD-1 antibody combined with anti-CTLA-4 
antibody
 In patients with resectable HCC, the combination 
of nivolumab and ipilimumab in NAT resulted in 
a significantly improved median PFS compared to 
nivolumab monotherapy (19.53 months vs. 9.4 months) 

(49). In patients who received combination NAT, the 
MPR rate was 27% (49). However, the incidence of 
grade 3–4 AEs with combination therapy was higher 
than that observed with nivolumab alone (43% vs. 23%) 
(49). Following NAT with ipilimumab combined with 
nivolumab, the DCR was 95%, and the MPR rate was 
56% (55). In an ongoing phase II randomized controlled 
clinical trial, a pCR was achieved in approximately 25% 
of patients receiving neoadjuvant immunotherapy with 
nivolumab combined with ipilimumab (56).

4. Predictive biomarkers for NAT response and 
prognosis in HCC

Identifying robust biomarkers to predict NAT response 
and prognosis is pivotal to guiding treatment selection, 
optimizing intervention timing, and assessing surgical 
outcomes in HCC. Despite the evolving landscape of 
NAT for HCC, the scarcity of extensively validated 
biomarkers capable of reliably predicting efficacy and 
surgical success remains a challenge. Figure 3 provides 
an overview of biomarkers associated with treatment and 
prognosis in advanced HCC, serving as a foundation for 
an expanded exploration of NAT-related biomarkers in 
HCC.

4.1. Circulating biomarkers

Several studies have underscored the utility of changes 
in AFP levels as surrogate biomarkers, reflecting both 
systemic and local treatment responses throughout 

Figure 3. Overview of biomarkers associated with treatment and 
prognosis in hepatocellular carcinoma (HCC). Referencing studies 
on biomarkers associated with treatment and prognosis in advanced 
HCC provides valuable insights to further expand clinical research 
on neoadjuvant therapy (NAT) biomarkers in HCC. This includes 
circulating biomarkers such as serum AFP, DCP, CRP, the ALBI score, 
CRAFITY score, VEGF, IL-6, IL-8, IL-10, TGF-β, TNF-α, NLR, and 
CXCL9 and tumor microenvironment-related biomarkers such as Ki-
67+ CD4 T cells and CD8 T cells, PD-1+ CD4 T cells, and CD68 
macrophages. Liquid biopsy components consist of ctDNA, cfDNA, 
and circulating tumor cells (CTCs).
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various stages of HCC treatment. Specifically, an early 
AFP response, defined by a >20% decline in serum AFP 
levels within the initial 4 weeks of treatment compared 
to baseline, has emerged as an independent predictor 
associated with a prolonged OS and PFS in advanced 
HCC treated with ICI (57).
 Monitoring AFP levels during atezolizumab plus 
bevacizumab (Atez/Bev) treatment is essential for 
real-time assessment and treatment optimization. In 
a prospective multicenter study, researchers defined 
optimal thresholds for AFP response in patients with 
uHCC who received Atez/Bev treatment. An AFP 
response of 50% or more and 20% or more was 
associated with the objective response rate (ORR) and the 
DCR, respectively. Both responses were also associated 
with PFS (58). The phase Ib GO30140 study proposed 
using AFP criteria at 6 weeks to identify responders and 
disease controllers for Atez/Bev treatment (59). AFP 
thresholds delineated in the study, involving a decline 
of at least 75% and a rise of no more than 10% from the 
baseline at 6 weeks, were used to discern responders to 
Atez/Bev and disease controllers, respectively. In HCC 
patients with AFP levels exceeding 20 ng/mL, a decrease 
of ≥20% in AFP at 3 weeks can predict the tumor 
prognosis in patients undergoing Atez/Bev treatment. 
Combining this with the albumin-bilirubin (ALBI) score 
enhances the accuracy of prognostic discrimination (59).
 The CELESTIAL phase III study established that 
maintaining AFP levels without an increase from the 
baseline at 8 weeks serves as the most reliable predictor 
for prolonged OS and PFS in patients with advanced 
HCC treated with cabozantinib (60). Outcomes from 
the REACH and REACH-2 phase III trials revealed 
that patients treated with ramucirumab had a prolonged 
OS when manifesting an AFP response, defined as 
a reduction of at least 20% from the baseline (61). 
Ramucirumab treatment was considered suitable for 
patients with AFP levels of at least 400 ng/ml (61). In 
patients with a baseline AFP level of ≥10 ng/mL, an 
AFP response (defined as a reduction of ≥10% from the 
baseline) may have a significant effect on the treatment 
outcomes of patients with HCC who underwent 
lenvatinib therapy. For patients with an AFP level <10 
ng/mL, the baseline ALBI score and the change in ALBI 
score from the baseline to the one-month post-treatment 
estimate could play a crucial role in determining 
treatment response (62).
 The C-reactive protein and alpha-fetoprotein in 
immunotherapy (CRAFITY) score, derived from a 
multicenter retrospective study in Japan, is designed to 
predict treatment outcomes and treatment-associated AEs 
among patients with diverse stages of HCC undergoing 
Atez/Bev therapy. Patients with an AFP level ≥ 100 ng/
mL and C-reactive protein (CRP) ≥ 1 mg/dL received a 
CRAFITY score of 1 (63). Concurrently, a multicenter 
retrospective study in Europe, in line with the Japanese 
study, found that the CRAFITY score correlated with 

patient survival and radiographic response during PD-
(L)1 immunotherapy (64). In Japan, another retrospective 
multicenter study, encompassing 426 patients with HCC 
treated with Atez/Bev, established the mALF score 
based on a baseline mALBI grade of 2b or 3 (HR 2.36, 
p = 0.002) and AFP ≥ 100 ng/ml (HR 2.61, p < 0.001). 
This study validated the mALF score's robust predictive 
capability for survival in patients undergoing Atez/
Bev treatment for HCC (65). A retrospective analysis 
evaluating disease response rate and changes in AFP 
and des-gamma-carboxy prothrombin (DCP) levels at 1, 
2, 3, and 6 weeks, respectively, suggested that an AFP/
DCP ratio of 1.4 or higher at 3 weeks may serve as an 
early predictor for advanced HCC treated with Atez/
Bev (66). Studies indicated that changes in the Response 
Evaluation Criteria in Solid Tumors (RECIST), AFP, and 
DCP can be scrutinized for early response assessment 
in HAIC (67). Within clinical trials of neoadjuvant 
FOLFOX-HAIC therapy, a logistic regression model 
integrating AFP and CRP resulted in enhanced precision 
in predicting neoadjuvant FOLFOX-HAIC response, 
boasting a sensitivity of 72.2% and specificity of 72.4% 
(32).
 In a phase II clinical study evaluating pembrolizumab 
for uHCC, Lynn et al. identified a correlation between 
reduced efficacy of pembrolizumab treatment and higher 
plasma levels of transforming growth factor-beta (TGF-β) 
(≥ 200 pg/mL) in patients (68). Moreover, elevated 
serum interleukin 6 (IL-6) (> 18.49 pg/mL) was linked 
to diminished clinical benefits, defined as achieving 
complete or partial remission or disease stabilization for 
≥6 months, in patients receiving Atez/Bev for uHCC (69). 
Patients with a lower baseline IL-6 levels had increased 
response rates and prolonged PFS and OS following Ate/
Bev treatment compared to those with elevated baseline 
IL-6 levels (70).
 HCC patients with elevated serum IL-10 levels 
exhibit a substantial suppression of peripheral blood 
lymphokine-activated killer (LAK) and natural killer 
(NK) cell activity (71). In a prospective study, patients 
with serum IL-10 levels exceeding 1 pg/mL had a shorter 
OS (5.0 months vs. 14.9 months; p < 0.0001), and the IL-
10 level emerged as an independent prognostic factor (HR 
1.824; p = 0.0005) (72). In a multicenter phase II pilot 
study, researchers identified baseline levels of IL-6 at 8.58 
pg/mL and IL-8 at 57.9 pg/mL as effective thresholds for 
predicting OS in uHCC patients treated with sorafenib 
(73). Baseline IL-6 and IL-8, with their respective cut-
off values, can serve as predictors for ORR based on 
modified RECIST (mRECIST) in a subset of 42 patients 
with available follow-up imaging (IL-6, 46.6% vs. 
19.2%, p = 0.007; IL-8, 50.0% vs. 17.4%, p = 0.011) (73). 
Moreover, plasma IL-8 and tumor necrosis factor-alpha 
(TNF-α) levels may serve as predictors of response to 
sorafenib in uHCC patients during early treatment (5–10 
days) (74).
 The pre-treatment assessment of serum vascular 
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endothelial growth factor (VEGF) levels has emerged 
as a promising prognostic biomarker for ablative 
interventions in HCC. Patients with serum VEGF levels 
surpassing 240 pg/mL had diminished OS and RFS 
rates (75).
 The neutrophil- to-lymphocyte rat io (NLR) 
is instrumental in evaluating the effectiveness of 
neoadjuvant TACE therapy (76). Notably, patients with 
a high NLR (≥ 1.6) within the TACE plus sequential 
resection cohort had a markedly lower 5-year OS rate 
compared to those with a low NLR (78.4% vs. 100%, p = 
0.027) (76). Robust evidence supports the pivotal role of 
NLR in predicting outcomes of Atez/Bev therapy in HCC 
patients. As a predictive marker for Atez/Bev response 
in HCC, pre-treatment NLR was significantly lower in 
patients in whom disease control was achieved compared 
to that in patients experiencing disease progression (2.47 
vs. 4.48, p = 0.013). Moreover, patients with NLR ≤ 
3.21 had a significantly superior PFS compared to those 
with NLR > 3.21 (p < 0.0001) (77). In a separate study, 
the observed difference in cumulative OS at 2, 4, 6, and 
8 months between patients with low (< 3.0) and high 
NLR (≥ 3.0) in HCC patients treated with Atez/Bev was 
statistically significant (p = 0.001) (78). Nonetheless, 
there were no statistically significant differences in the 
response to combination therapy between patients with 
a low and high NLR (78). In terms of AEs, notable 
differences were noted in immune-related liver injury, 
decreased appetite of any grade, proteinuria of at least 
grade 3, and AEs of any other grade between patients 
with a low and high NLR (78).
 Recent findings have elucidated the optimal 
threshold for NLR-2c initiation at the outset of the 
second therapeutic course in patients with uHCC who 
underwent Atez/Bev treatment, identifying it as 1.97 (79). 
Notably, patients with an NLR-2c < 1.97 had a superior 
OS and PFS compared to those with NLR-2c ≥ 1.97 (79). 
In  a cohort of Japanese patients with HCC treated with 
Atez/Bev, a baseline NLR ≥ 3 emerged as the exclusive 
independent factor associated with highly progressive 
disease (80). A German study corroborated NLR > 3.2 
as the most critical predictor of poorer ORR and PFS 
(81). Moreover, a multicenter international retrospective 
cohort study independently established NLR ≥ 5 as a 
predictor of inferior survival outcomes (82).
 A study conducted in Japan has validated the 
potential of serum chemokine C-X-C motif ligand 9 
(CXCL9) as a predictive indicator for early disease 
progression after Atez/Bev treatment (83). The research 
established that the optimal serum CXCL9 threshold for 
predicting early disease progression in uHCC treated 
with Atez/Bev is 333 pg/mL, with a sensitivity of 60.0% 
and specificity of 92.3%. Patients with lower serum 
CXCL9 levels (< 333 pg/mL) had a higher likelihood of 
early disease progression, accompanied by a significantly 
shorter median PFS compared to those with higher levels 
(126 days vs. 227 days, p = 0.0084). Notably, patients 

exhibiting an objective response to lenvatinib displayed 
notably lower baseline serum CXCL9 levels than those 
without an objective response (83).

4.2. Tumor microenvironment (TME)-related biomarkers

As an immune organ housing a diverse array of immune 
cells, the liver is particularly prone to developing 
immunotherapy tolerance. Early recurrent HCC 
displays reduced levels of T regulatory cells (Tregs) 
and elevated levels of dendritic cells (DCs) and 
CD8(+) T cells in comparison to primary HCC (84) 
. An immunohistochemical examination of human 
HCC tissues has revealed that PD-L1 is preferentially 
expressed in CD68 macrophages within the TME. 
Among patients undergoing nivolumab treatment, 3 
out of 8 had a positive response to anti-PD-1 therapy. 
Responders had a higher proportion of Ki-67+ CD4 and 
CD8 T cells in their blood compared to non-responders 
(85). The greater the number of cells expressing 
CD68 and PD-L1 in the tumor, the more favorable the 
response to multikinase inhibitors in patients with HCC 
(86). In patients receiving neoadjuvant treatment with 
camrelizumab in combination with apatinib, tumor 
immune microenvironment (TIME) cell infiltration, 
particularly of DCs, was observed to be more favorable 
in responding tumors than in non-responding tumors 
(54). A recent study has indicated that patients with 
a higher baseline frequency of PD-1+ CD4 cells are 
more likely to exhibit positive responses to anti-CTLA4 
therapy, including trastuzumab (87). Moreover, studies 
integrating single-cell and spatial transcriptomics data 
have found that the structural composition of the tumor 
immune barrier within the TME may also influence the 
efficacy of immunotherapy (88).

4.3. Liquid biopsy

In patients with HCC, the levels of circulating 
tumor DNA (ctDNA) are correlated with tumor size, 
extrahepatic spread, and vascular infiltration. Liquid 
biopsy, utilizing ctDNA and circulating tumor cells 
(CTCs), has emerged as a promising method for 
predicting treatment response and prognosis. In a phase 
II study involving camrelizumab plus apatinib for HCC 
treatment, ctDNA played a crucial role in predicting 
pathological response and RFS (54). A Japanese study 
explored the potential for cell-free DNA (cfDNA)/
ctDNA in peripheral blood to serve as a biomarker with 
which to predict treatment response in patients with 
uHCC treated with Atez/Bev (89). The study revealed 
that elevated cfDNA levels pretreatment were linked 
to lower response rates and a shorter PFS and OS. 
Telomerase reverse transcriptase (TERT) mutations in 
peripheral blood cfDNA and serum AFP levels ≥400 ng/
mL were identified as independent predictors of poor OS 
following Atez/Bev treatment (89). These factors provide 
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a basis for stratifying patients undergoing Atez/Bev 
therapy based on prognosis (89).
 A phase II study indicated that ctDNA can serve as a 
predictor of pathological response and relapse following 
treatment with camrelizumab and apatinib (54). Patients 
in whom a pCR/MPR was achieved at the baseline 
had a higher mutation burden compared to patients in 
whom a pCR/MPR was not achieved (6 mutations vs. 
2.5 mutations, p = 0.025). There was a noticeable trend 
towards a shorter RFS in ctDNA-positive patients after 
adjuvant therapy compared to ctDNA-negative patients 
(54). The clinical predictive significance of mutations 
in the human TERT (hTERT) promoter in free DNA for 
the treatment of advanced HCC has been established. 
Responders who had peak DNA levels within one week 
of TKI initiation had a significantly improved PFS 
compared to non-responders (p = 0.004). The extent 
of mutant DNA changes after TACE was significantly 
correlated with tumor volume (p < 0.001) (90).
 CTCs are regarded as ideal biomarkers due to their 
cancer-specific characteristics. PD-L1+ CTCs can serve 
as an independent predictor of OS (p = 0.010). Patients 
with PD-L1+ CTCs have a worse OS compared to those 
lacking PD-L1+ CTCs (14.0 months vs. not achieved, 
p = 0.001) (91). In patients with HCC treated with 
anti-PD-1/PD-L1, the presence of PD-L1+ CTCs was 
strongly associated with a favorable treatment response 
(91,92). Specifically, in patients with uHCC receiving a 
combined regimen of IMRT, anti-PD-1 antibodies, and 
antiangiogenic drugs, those with PD-L1+ CTC counts 
below 2 have a prolonged ORR and OS in comparison to 
patients with counts above 2 (ORR: 56. 5% vs. 16.7%, p 
= 0.007; OS: not reached vs. 10.8 months, p = 0.001) (93).

5. Ongoing clinical studies on preoperative NAT for 
HCC

In the current landscape of global clinical trials 
exploring neoadjuvant locoregional therapy for HCC, 
various treatment modalities take precedence, including 
TACE-HAIC (FOLFOX), (oxaliplatin, leucovorin, and 
5-fluorouracil) mFOLFOX6-TAI, FOLFOX-HAIC, and 
(cisplatin, doxorubicin hydrochloride, and thalidomide) 
PLADOTH-TACE (as shown in Table 2A). Ongoing 
clinical trials of NAT for HCC also involve sorafenib 
monotherapy, sorafenib combined with capecitabine and 
oxaliplatin, and lenvatinib in conjunction with TACE (as 
shown in Table 2B). In addition, ongoing studies into 
neoadjuvant radiation therapy for HCC are outlined in 
Table 2C. Neoadjuvant immunotherapy studies, both 
as monotherapy and as combination therapy, constitute 
a significant focus (as shown in Table 3). Combination 
therapies are broadly categorized into two- and three-
agent combinations. Noteworthy combinations involve 
anti-PD-1 antibodies paired with interventional therapy, 
radiation therapy, VEGFR antagonists, VEGF/VEGFR 
monoclonal antibodies, anti-CTLA-4 antibodies, C-C 

chemokine receptor 2/5 (CCR2/5) inhibitors, or anti-IL-8 
antibodies. Triple NAT options include combinations 
of anti-PD-L1 antibodies with VEGF/VEGFR 
monoclonal antibodies and interventional therapy, 
anti-PD-1 antibodies with VEGFR antagonists and 
chemotherapeutic agents, anti-PD-L1 antibodies with 
radiation therapy and interventional therapy, anti-PD-L1 
antibodies with anti-CTLA-4 antibodies and radiation 
therapy, anti-PD-1 antibodies with VEGFR antagonists 
and radiation therapy, and anti-PD-L1 antibodies with 
TKIs and radiation therapy.
 In a phase 1b study evaluating neoadjuvant 
cabozantinib and nivolumab in patients with locally 
advanced or borderline resectable HCC, an R0 
resection was achieved in 85.7% of patients (12/14) 
who completed NAT (51). A pathological examination 
revealed a MPR with over 90% tumor necrosis in 42% 
of patients (5/12). Immunoassays revealed a significant 
enrichment in the spatial arrangement of T effector cells, 
tertiary lymphoid structures, and CD138+ plasma cells 
and B cells in responders compared to non-responders 
(51).

6. Appropriate research endpoints

In the context of current clinical research paradigms, 
as delineated in Tables 2 and 3, the primary research 
endpoints in neoadjuvant local chemotherapy clinical 
trials encompass OS, PFS, and event-free survival 
(EFS), with a study duration spanning 3-5 years. 
For neoadjuvant TKI monotherapy or combination 
therapy, key endpoints include significant pathologic 
response, the surgical resection rate, and DFS in a 
study, conducted over a period of 56 days to 1 year. 
In neoadjuvant radiotherapy trials, primary endpoints 
consist of OS, the dropout rate, and treatment-related 
adverse events (trAEs) according to the Common 
Terminology Criteria for Adverse Events (CTCAE v5.0), 
with a study period ranging from 3 months to 1 year. 
Neoadjuvant immunotherapy with ICIs is characterized 
by a comprehensive set of primary research endpoints, 
including OS, RFS, EFS, pCR, MPR, DFS, significant 
tumor necrosis (STN), ORR, the resection rate, delayed 
surgery rate, immune-related AEs (irAEs, CTCAE v5.0), 
and lesion reduction >10% (RECIST v1.1), in a study 
over a period of 6 weeks to 4 years.
 In phase III clinical studies, the primary endpoint 
emphasis is on OS and RFS. Phase II studies commonly 
use RFS, STN, ORR, MPR, the tumor response rate 
(mRECIST), time to recurrence, time to progression, 
resection rate, and DFS as primary endpoints. Phase 
I studies prioritize the assessment of AEs, irAEs, the 
number of patients completing preoperative treatment 
and undergoing surgical intervention, recurrence rate, 
ORR, and pathological response.
 Treatment with TKIs has been found to be associated 
with a reduced probability of tumor shrinkage, whereas 
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ICIs may result in unconventional radiologic response 
patterns, such as delayed responses or pseudoprogression, 
initially appearing as an increased tumor burden and 
later transforming into radiologic shrinkage (94). This 
poses a challenge to the use of conventional response 
criteria such as RECIST v1.1 (95) and mRECIST (96). 
RECIST v1.1, for instance, fails to account for complete 
pathologic necrosis of HCC with lipiodol deposition 
as a result of conventional TACE (97). In addition, the 
mRECIST criteria necessitate subtraction imaging for an 
accurate assessment of complete pathologic necrosis (98).
 Immunotherapy-related imaging tumor response 
assessment criteria, such as immune-related response 
criteria (irRC) (99), immune-related RECIST (irRECIST) 
(100), immune RECIST (iRECIST) (101), immune-
modified RECIST (imRECIST) (102), and intra-tumoral 
RECIST (itRECIST) (103), are designed to measure 
treatment response or disease progression in patients who 
underwent immunotherapy, and the use of those criteria 
shows promise (as shown in Table 4). A recent proposal 
by Japanese researchers regarding combination therapy 
involving systemic and local therapies outlined clinical 
complete response (cCR) criteria (104): (1) Attainment 
of a complete response (CR) according to the mRECIST/
RECIST v1.1 criteria assessed with CT/MRI, and (2) 
Attainment of a CR indicated according to three tumor 
markers (AFP, vitamin K absence II (PIVKA-II), and 
AFP bound to Lens culinaris agglutinin (AFP-L3)) that 
have remained continuously normalized for more than 6 
weeks.
 Determining the optimal duration of therapeutic 
intervention is a crucial consideration within the 
clinical landscape. Ordinarily, cemiplimab is used as 
a neoadjuvant within a concise 22-day protocol (47), 
while the administration of nivolumab as a neoadjuvant, 
whether as a monotherapy or in conjunction with 
ipilimumab, entails a more protracted 6-week 
regimen (49). A point worth noting is that there is a 
discernible inverse correlation between the duration 
of treatment administered to patients before surgery 
and the subsequent pathological response rate. The 
main goals of NAT are reducing the risk of recurrence 
by eliminating micro-metastatic disease that cannot 
be detected by imaging and facilitating treatment of 
the primary tumor through cytoreductive surgery. 
Given these goals, the primary reason for using NAT 
is to stimulate an immune response against micro-
metastatic disease rather than directly killing the tumor. 
Consequently, interventions of a shorter duration may 
offer comparable benefits while potentially mitigating 
the risk of preoperative irAEs that could compromise 
planned surgical procedures. According to the Chinese 
expert consensus and related studies, NAT should 
typically last 1.5–3 months, with a maximum duration 
of 4 months. The goal of this therapy is to achieve the 
surgical objective as soon as possible, regardless of 
whether the lesion has shrunk or not (25).
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7. Challenges with NAT for LR in HCC

The potential drawbacks associated with NAT involve 
significant challenges, as evinced by a phase II clinical 
trial that evaluated the perioperative efficacy and safety 
of camrelizumab in combination with apatinib for 
resectable HCC (54). Despite the notable pathological 
response observed in resected specimens, a substantial 
proportion of patients completing NAT - 89% (16/18) - 
experienced AEs. Of particular concern, 16.7% (3/18) of 
patients experienced grade 3 or higher AEs, necessitating 
a dose adjustment of apatinib in 5.6% (1/18) of patients 
due to high blood pressure. Moreover, 11.1% (2/18) of 
patients required preoperative steroid therapy to deal 
with severe liver dysfunction or a severe rash. There 
were additional challenges preoperatively, with 38.8% 
(7/18) of patients experiencing post-hepatectomy grade 
A liver failure, 16.7% (3/18) developing postoperative 
bile leakage, 11.1% (2/18) requiring blood transfusions, 
and 5.6% (1/18) reporting chest tightness. These findings 
underscore the intricate balance between efficacy 
and potential complications associated with NAT, 
emphasizing the need for comprehensive efforts through 
expanded clinical research (as shown in Figure 4).
 For early-stage HCC, the efficacy of NAT in 
improving patient survival and reducing cancer 
recurrence remains uncertain. There are concerns 
regarding the risks of tumor progression during NAT 
and the potential for delayed curative surgery due to 
AEs during treatment. Neoadjuvant immunotherapy 
in particular carries the possibility of reactivating the 
hepatitis B virus in patients (105). Addressing the 

challenges associated with potential delayed tumor 
responses and the chemotherapy-free interval (CFI) 
during NAT is paramount. Moreover, clinical predictors 
to distinguish patients who may derive optimal benefits 
from NAT need to be promptly identified. The absence 
of a standardized definition for MPR in HCC adds 
complexity, and its prognostic significance remains 
unclear. The lack of validated biomarkers predicting 
surgical success further contributes to the existing 
challenges. There is still considerable heterogeneity 
in the selection of a treatment plan among different 
cancer centers. Additional clinical evidence is needed 
to guide decisions on whether patients who underwent 
NAT should proceed to immediate surgery upon disease 
progression or opt for delayed surgery.

8. Prospects for NAT

In the evolving landscape of clinical trials, advances in 
research are gradually revealing more efficacious NAT 
options for HCC. Treatment decisions for patients with 
HCC should be collaboratively determined through 
a multidisciplinary team (MDT) approach involving 
surgery, oncology, radiation therapy, pathology, 
interventional radiology, and other specialties. This 
ensures the formulation of optimal treatment strategies 
and enhances overall patient survival rates. NAT plays 
a pivotal role in bolstering local control, targeting latent 
micrometastases in the early stages of the disease, 
facilitating preoperative recovery, and enhancing the 
probability of completing multimodal treatment. The 
assessment of response post-NAT furnishes valuable 
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insights into planning subsequent treatments. Preliminary 
outcomes show promise, but further research is needed 
to delineate the optimal duration of treatment, to validate 
pertinent endpoints, and to identify biomarkers that can 
adeptly help to decide treatments.
 In summary,  NAT for HCC has significant 
advantages in improving pCR, MPR, ORR, DFS, and 
OS. NAT for HCC represents a paradigm shift in the 
treatment of HCC (as shown in Figure 5), requiring 
multidisciplinary collaboration for assessing disease 
and deciding treatment. In addition, the incorporation of 
immunotherapy in NAT poses new challenges regarding 
endpoints of radiological, pathological, and clinical 
research. Therefore, further research is essential to 
enhancing treatment options guided by biomarkers, to 
determining the optimal duration of treatment, and to 
ultimately improving survival time and the quality of life 
for patients with HCC.

Funding: This work was supported by a grant from 
the National Natural Science Foundation of China 
(no. 81960446), Innovative Research Projects for 
Graduate Students of Hainan Medical College, and 
the 2023 Foreign Experts Program in Hainan Province 
(SQ2023WGZJ0002).

Conflict of Interest: The authors have no conflicts of 
interest to disclose.

References

1. Villanueva A. Hepatocellular Carcinoma. N Engl J Med. 
2019; 380:1450-1462.

2. Llovet JM, Zucman-Rossi J, Pikarsky E, Sangro B, 
Schwartz M, Sherman M, Gores G. Hepatocellular 
carcinoma. Nat Rev Dis Primers. 2016; 2:16018.

3. Organization WH. Estimated age-standardized incidence 
rates (World) in 2020, liver, both sexes, all ages. 2020.

4. Chan AWH, Zhong J, Berhane S, et al. Development of 
pre and post-operative models to predict early recurrence 
of hepatocellular carcinoma after surgical resection. J 
Hepatol. 2018; 69:1284-1293.

5. Wakayama K, Kamiyama T, Yokoo H, Orimo T, 
Shimada S, Einama T, Kamachi H, Taketomi A. Huge 
hepatocellular carcinoma greater than 10 cm in diameter 
worsens prognosis by causing distant recurrence after 
curative resection. J Surg Oncol. 2017; 115:324-329.

6. Liu L, Shui Y, Yu Q, Guo Y, Zhang L, Zhou X, Yu R, Lou 
J, Wei S, Wei Q. Narrow-margin hepatectomy resulted 
in higher recurrence and lower overall survival for R0 
resection hepatocellular carcinoma. Front Oncol. 2020; 
10:610636.

7. Erstad DJ, Tanabe KK. Prognostic and therapeutic 

37

Figure 5: Recommended paradigm for neoadjuvant therapy in hepatocellular carcinoma (HCC). A comprehensive assessment, incorporating 
patient tumor burden, hepatic function, patient status, and high-risk features, is advocated for the identification of resectable hepatocellular carcinoma 
patients who may benefit from neoadjuvant therapy (NAT). NAT encompasses interventional, radiation, systemic, and combination modalities. 
Subsequent to the completion of neoadjuvant treatment, the next step involves surgical intervention. Postoperative evaluation should include a 
holistic approach, integrating imaging studies, biomarkers, pathological response, disease status, and adverse events. A thorough assessment should 
be performed and a subsequent adjuvant therapeutic strategy should be formulated in a multidisciplinary collaborative framework, followed by 
diligent follow-up.



www.biosciencetrends.com

BioScience Trends. 2024; 18(1):21-41.BioScience Trends. 2024; 18(1):21-41.

implications of microvascular invasion in hepatocellular 
carcinoma. Ann Surg Oncol. 2019; 26:1474-1493.

8. European Association for the Study of the Liver. 
Electronic address eee, European Association for the Study 
of the L. EASL clinical practice guidelines: Management 
of hepatocellular carcinoma. J Hepatol. 2018; 69:182-236.

9. Reig M, Forner A, Rimola J, et al. BCLC strategy for 
prognosis prediction and treatment recommendation: The 
2022 update. J Hepatol. 2022; 76:681-693.

10. Singal AG, Llovet JM, Yarchoan M, et al. AASLD 
practice guidance on prevention, diagnosis, and treatment 
of hepatocellular carcinoma. Hepatology. 2023; 78:1922-
1965.

11.  NCCN clinical practice guidelines in oncology (NCCN 
Guidelines®): Hepatocellular carcinoma (Version 1.2023). 
https://medfind.link/wp-content/uploads/2023/07/%E8%8
2%9D%E7%BB%86%E8%83%9E%E7%99%8C_2023.
V1_EN.pdf (accessd August 19, 2023)

12.  Guidelines for the diagnosis and treatment of primary 
HCC in China. http://www.nhc.gov.cn/yzygj/s7659/202201/
a01ceb75c62b486fa459e36ba0fdfdbc/files/e8b02c99ab2d
4ebea07a4c636eace9c9.pdf (in Chinese) (accessd August 
19, 2023).

13. Kudo M, Kawamura Y, Hasegawa K, Tateishi R, 
Kariyama K, Shiina S, Toyoda H, Imai Y, Hiraoka A, 
Ikeda M. Management of hepatocellular carcinoma in 
Japan: JSH consensus statements and recommendations 
2021 update. Liver cancer. 2021; 10:181-223.

14. Association KLC. 2022 KLCA-NCC Korea practice 
guidelines for the management of hepatocellular 
carcinoma. Korean Journal of Radiology. 2022; 23:1126.

15. Kumar A, Acharya SK, Singh SP, et al. 2023 update 
of Indian national association for study of the liver 
consensus on management of intermediate and advanced 
hepatocellular carcinoma: The Puri III recommendations. 
J Clin Exp Hepatol. 2024; 14:101269.

16. Singal AG, Kudo M, Bruix J . Breakthroughs in 
hepatocellular carcinoma therapies. Clin Gastroenterol 
Hepatol. 2023; 21:2135-2149.

17. Bruix J, Takayama T, Mazzaferro V, et al. Adjuvant 
sorafenib for hepatocellular carcinoma after resection or 
ablation (STORM): A phase 3, randomised, double-blind, 
placebo-controlled trial. Lancet Oncol. 2015; 16:1344-
1354.

18. Lin H, Li X, Liu Y, Hu Y. Neoadjuvant radiotherapy 
provided survival benefit compared to adjuvant 
radiotherapy for hepatocellular carcinoma. ANZ J Surg. 
2018; 88:E718-E724.

19. Galle PR, Forner A, Llovet JM, Mazzaferro V, Piscaglia 
F, Raoul J-L, Schirmacher P, Vilgrain V. EASL clinical 
practice guidelines: Management of hepatocellular 
carcinoma. J Hepatol. 2018; 69:182-236.

20. Yoh T, Ishii T, Nishio T, Koyama Y, Ogiso S, Fukumitsu 
K, Uchida Y, Ito T, Seo S, Hata K, Hatano E. A conceptual 
classification of resectability for hepatocellular carcinoma. 
World J Surg. 2023; 47:740-748.

21. Iguchi K, Hatano E, Yamanaka K, Tanaka S, Taura K, 
Uemoto S. Validation of the conventional resection criteria 
in patients with hepatocellular carcinoma in terms of the 
incidence of posthepatectomy liver failure and long-term 
prognosis. Dig Surg. 2015; 32:344-351.

22. Kobayashi Y, Kiya Y, Sugawara T, Nishioka Y, Hashimoto 
M, Shindoh J. Expanded Makuuchi's criteria using 
estimated indocyanine green clearance rate of future liver 
remnant as a safety limit for maximum extent of liver 

resection. HPB (Oxford). 2019; 21:990-997.
23. Costentin CE, Ferrone CR, Arellano RS, Ganguli S, 

Hong TS, Zhu AX. Hepatocellular carcinoma with 
macrovascular invasion: Defining the optimal treatment 
strategy. Liver Cancer. 2017; 6:360-374.

24. European Association For The Study Of The Liver; 
European Organisation For Research And Treatment 
Of Cancer. EASL-EORTC clinical practice guidelines: 
Management of hepatocellular carcinoma. J Hepatol. 
2012; 56:908-943.

25. Sun HC, Zhou J, Wang Z, et al. Chinese expert consensus 
on conversion therapy for hepatocellular carcinoma (2021 
edition). Hepatobiliary Surg Nutr. 2022; 11:227-252.

26. Li S, Zhong C, Li Q, et al. Neoadjuvant transarterial 
infusion chemotherapy with FOLFOX could improve 
outcomes of resectable BCLC stage A/B hepatocellular 
carcinoma patients beyond Milan criteria: An interim 
analysis of a multi-center, phase 3, randomized, controlled 
clinical trial. Journal of Clinical Oncology. 2021; 39:4008-
4008.

27. Wei W, Li S, Zhao R, et al. Neoadjuvant hepatic arterial 
infusion chemotherapy with FOLFOX could improve 
outcomes of resectable BCLC stage A/B hepatocellular 
carcinoma patients beyond Milan criteria: A multi-center, 
phase 3, randomized, controlled clinical trial. Journal of 
Clinical Oncology. 2023; 41:4023-4023.

28. Wu JY, Yin ZY, Bai YN, Chen YF, Zhou SQ, Wang SJ, 
Zhou JY, Li YN, Qiu FN, Li B, Yan ML. Lenvatinib 
combined with anti-PD-1 antibodies plus transcatheter 
arterial chemoembolization for unresectable hepatocellular 
carcinoma: A multicenter retrospective study. J Hepatocell 
Carcinoma. 2021; 8:1233-1240.

29. Xia YX, Zhang H, Zhang F, et al. Efficacy and safety of 
neoadjuvant immunotherapy for hepatocellular carcinoma. 
Chinese Journal of Surgery (in Chinese). 2022; 60:688-
694.

30. Li C, Wang MD, Lu L, et al. Preoperative transcatheter 
arterial chemoembolization for surgical resection of huge 
hepatocellular carcinoma (>/= 10 cm): A multicenter 
propensity matching analysis. Hepatol Int. 2019; 13:736-
747.

31. Wei X, Jiang Y, Zhang X, et al. Neoadjuvant three-
dimensional conformal radiotherapy for resectable 
hepatocellular carcinoma with portal vein tumor thrombus: 
A randomized, open-label, multicenter controlled study. J 
Clin Oncol. 2019; 37:2141-2151.

32. Hu Z, Yang Z, Wang J, Fu Y, Hu Z, Zhou Z, Chen M, 
Zhang Y. Survival benefit of neoadjuvant hepatic arterial 
infusion chemotherapy followed by hepatectomy for 
hepatocellular carcinoma with portal vein tumor thrombus. 
Front Pharmacol. 2023; 14:1223632.

33. Monden M, Okamura J, Sakon M, Gotoh M, Kobayashi 
K, Umeshita K, Yamada T, Kuroda C, Sakurai M, Mori 
T. Significance of transcatheter chemoembolization 
combined with surgical resection for hepatocellular 
carcinomas. Cancer Chemother Pharmacol. 1989; 23 
Suppl:S90-S95.

34. Zhang Z, Liu Q, He J, Yang J, Yang G, Wu M. The 
effect of preoperative transcatheter hepatic arterial 
chemoembolization on disease-free survival after 
hepatectomy for hepatocellular carcinoma. Cancer. 2000; 
89:2606-2612.

35. Zhou WP, Lai EC, Li AJ, Fu SY, Zhou JP, Pan ZY, Lau 
WY, Wu MC. A prospective, randomized, controlled 
trial of preoperative transarterial chemoembolization for 

38



www.biosciencetrends.com

BioScience Trends. 2024; 18(1):21-41.BioScience Trends. 2024; 18(1):21-41.

resectable large hepatocellular carcinoma. Ann Surg. 
2009; 249:195-202.

36. Kang JY, Choi MS, Kim SJ, Kil JS, Lee JH, Koh KC, 
Paik SW, Yoo BC. Long-term outcome of preoperative 
transarterial chemoembolization and hepatic resection in 
patients with hepatocellular carcinoma. Korean J Hepatol. 
2010; 16:383-388.

37. Jianyong L, Jinjing Z, Wentao W, Lunan Y, Qiao Z, Bo L, 
Tianfu W, Minqing X, Jiaying Y, Yongang W. Preoperative 
transcatheter arterial chemoembolization for resectable 
hepatocellular carcinoma: a single center analysis. Ann 
Hepatol. 2014; 13:394-402.

38. Edeline J, Lenoir L, Boudjema K, Rolland Y, Boulic A, Le 
Du F, Pracht M, Raoul JL, Clement B, Garin E, Boucher 
E. Volumetric changes after (90)y radioembolization for 
hepatocellular carcinoma in cirrhosis: an option to portal 
vein embolization in a preoperative setting? Ann Surg 
Oncol. 2013; 20:2518-2525.

39. Hoang M, Chow PK. Downstaging locally advanced 
hepatocellular carcinoma with selective internal radiation 
therapy. American Society of Clinical Oncology, 2023: 4_
suppl:536.

40. Raoul JL, Messner M, Boucher E, Bretagne JF, Campion 
JP, Boudjema K. Preoperative treatment of hepatocellular 
carcinoma with intra-arterial injection of 131I-labelled 
lipiodol. Br J Surg. 2003; 90:1379-1383.

41. Li N, Feng S, Xue J, Wei XB, Shi J, Guo WX, Lau WY, 
Wu MC, Cheng SQ, Meng Y. Hepatocellular carcinoma 
with main portal vein tumor thrombus: A comparative 
study comparing hepatectomy with or without neoadjuvant 
radiotherapy. HPB (Oxford). 2016; 18:549-556.

42. Lemaire M, Lucidi V, Bouazza F, et al. Selective internal 
radiation therapy (SIRT) before partial hepatectomy or 
radiofrequency destruction for treatment of hepatocellular 
carcinoma in cirrhotic patients: A feasibility and safety 
pilot study. HPB (Oxford). 2018; 20:641-648.

43. Craciun L, de Wind R, Demetter P, et al. Retrospective 
analysis of the immunogenic effects of intra-arterial 
locoregional therapies in hepatocellular carcinoma: a 
rationale for combining selective internal radiation therapy 
(SIRT) and immunotherapy. BMC Cancer. 2020; 20:135.

44. Luo Z, Che X, Cai J, Zhao H, Jin J, Tang Y, Chen B, Bi 
X. Neoadjuvant radiotherapy to improve overall survival 
in resectable hepatocellular carcinoma. Journal of Clinical 
Oncology. 2021; 39:e16178-e16178.

45. Wu F, Chen B, Dong D, et al. Phase 2 evaluation of 
neoadjuvant intensity-modulated radiotherapy in centrally 
located hepatocellular carcinoma: A nonrandomized 
controlled trial. JAMA Surg. 2022; 157:1089-1096.

46. Bouattour M, Fartoux L, Rosmorduc O, Scatton O, Vibert 
E, Costentin C, Soubrane O, Ronot M, Granier MM, De 
Gramont A. BIOSHARE multicenter neoadjuvant phase 
2 study: Results of pre-operative sorafenib in patients 
with resectable hepatocellular carcinoma (HCC)—From 
GERCOR IRC. American Society of Clinical Oncology, 
2016; 34:252.

47. Marron TU, Fiel MI, Hamon P, et al. Neoadjuvant 
cemiplimab for resectable hepatocellular carcinoma: a 
single-arm, open-label, phase 2 trial. Lancet Gastroenterol 
Hepatol. 2022; 7:219-229.

48. Shi Y-H, Ji Y, Liu W-R, Pang Y-R, Ding Z-B, Fu X-T, 
Zhang X, Huang C, Sun Y-F, Zhu X-D, Sun H-C, Zhou 
J, Fan J. Abstract 486: A phase Ib/II, open-label study 
evaluating the efficacy and safety of toripalimab injection 
(JS001) or combination with lenvatinib as a neoadjuvant 

therapy for patients with resectable hepatocellular 
carcinoma (HCC). Cancer Research. 2021; 81:486-486.

49. Kaseb AO, Hasanov E, Cao HST, et al. Perioperative 
nivolumab monotherapy versus nivolumab plus 
ipilimumab in resectable hepatocellular carcinoma: A 
randomised, open-label, phase 2 trial. Lancet Gastroenterol 
Hepatol. 2022; 7:208-218.

50. Song T. A prospective, single-arm, phase II clinical 
study of tislelizumab in combination with lenvatinib 
for perioperative treatment of resectable primary 
hepatocellular carcinoma with high risk of recurrence. 
Journal of Clinical Oncology. 2023; 41:e16218-e16218.

51. Ho WJ, Zhu Q, Durham J, et al. Neoadjuvant cabozantinib 
and nivolumab converts locally advanced HCC into 
resectable disease with enhanced antitumor immunity. Nat 
Cancer. 2021; 2:891-903.

52. Cui Y, Bao X, Yu G, Li H, Fang F, Li Q, Zhang W, Wu 
Q, Chen L, Liu C, Song T. Camrelizumab in combination 
with apatinib as a perioperative treatment for patients with 
hepatocellular carcinoma at high risk of recurrence: A 
prospective, single-arm, phase 2 study. Journal of Clinical 
Oncology. 2023; 41:4120-4120.

53. Zhou J, Fan J, Gu F-M, et al. A phase II/III study of 
camrelizumab plus apatinib as perioperative treatment of 
resectable hepatocellular carcinoma at intermediate-high 
risk of recurrence: Primary results of major pathologic 
response from phase II stage. Journal of Clinical 
Oncology. 2023; 41:4126-4126.

54. Xia Y, Tang W, Qian X, et al. Efficacy and safety of 
camrelizumab plus apatinib during the perioperative 
period in resectable hepatocellular carcinoma: A single-
arm, open label, phase II clinical trial. J Immunother 
Cancer. 2022; 10:e004656.

55. Pinato DJ, Cortellini A, Sukumaran A, et al. PRIME-HCC: 
Phase Ib study of neoadjuvant ipilimumab and nivolumab 
prior to liver resection for hepatocellular carcinoma. BMC 
Cancer. 2021; 21:301.

56. Kaseb A, Duda DG, Tran Cao HS, et al. LBA47 - 
Randomized, open-label, perioperative phase II study 
evaluating nivolumab alone versus nivolumab plus 
ipilimumab in patients with resectable HCC. Annals of 
Oncology. 2019; 30:v880.

57. Tamaki N, Tada T, Kurosaki M, et al. Optimal threshold 
of alpha-fetoprotein response in patients with unresectable 
hepatocellular carcinoma treated with atezolizumab and 
bevacizumab. Invest New Drugs. 2022; 40:1290-1297.

58. Zhu AX, Dayyani F, Yen CJ, Ren Z, Bai Y, Meng Z, Pan H, 
Dillon P, Mhatre SK, Gaillard VE, Hernandez S, Kelley 
RK, Sangro B. Alpha-fetoprotein as a potential surrogate 
biomarker for atezolizumab + bevacizumab treatment 
of hepatocellular carcinoma. Clin Cancer Res. 2022; 
28:3537-3545.

59. Campani C, Bamba-Funck J, Campion B, et al. Baseline 
ALBI score and early variation of serum AFP predicts 
outcomes in patients with HCC treated by atezolizumab-
bevacizumab. Liver Int. 2023; 43:708-717.

60. Kelley RK, Meyer T, Rimassa L, et al. Serum alpha-
fetoprotein levels and clinical outcomes in the phase III 
CELESTIAL study of cabozantinib versus placebo in 
patients with advanced hepatocellular carcinoma. Clin 
Cancer Res. 2020; 26:4795-4804.

61. Zhu AX, Finn RS, Kang YK, et al. Serum alpha-
fetoprotein and clinical outcomes in patients with 
advanced hepatocellular carcinoma treated with 
ramucirumab. Br J Cancer. 2021; 124:1388-1397.

39



www.biosciencetrends.com

BioScience Trends. 2024; 18(1):21-41.BioScience Trends. 2024; 18(1):21-41.

62. Saeki I, Yamasaki T, Yamashita S, et al. Early predictors 
of objective response in patients with hepatocellular 
carcinoma undergoing lenvatinib treatment. Cancers 
(Basel). 2020; 12:779.

63. Hatanaka T, Kakizaki S, Hiraoka A, et al. Prognostic 
impact of c-reactive protein and alpha-fetoprotein in 
immunotherapy score in hepatocellular carcinoma 
patients treated with atezolizumab plus bevacizumab: 
A multicenter retrospective study. Hepatol Int. 2022; 
16:1150-1160.

64. Scheiner B, Pomej K, Kirstein MM, et al. Prognosis 
of patients with hepatocellular carcinoma treated with 
immunotherapy - development and validation of the 
CRAFITY score. J Hepatol. 2022; 76:353-363.

65. Hatanaka T, Kakizaki S, Hiraoka A, et al. Development 
and validation of a modified albumin-bilirubin grade and 
alpha-fetoprotein score (mALF score) for hepatocellular 
carcinoma patients receiving atezolizumab and 
bevacizumab. Hepatol Int. 2023; 17:86-96.

66. Kuzuya T, Kawabe N, Hashimoto S, et al. Early changes 
in alpha-fetoprotein are a useful predictor of efficacy of 
atezolizumab plus bevacizumab treatment in patients with 
advanced hepatocellular carcinoma. Oncology. 2022; 
100:12-21.

67. Miyaki D, Kawaoka T, Aikata H, et al. Evaluation of 
early response to hepatic arterial infusion chemotherapy 
in patients with advanced hepatocellular carcinoma using 
the combination of response evaluation criteria in solid 
tumors and tumor markers. J Gastroenterol Hepatol. 2015; 
30:726-732.

68. Feun LG, Li YY, Wu C, Wangpaichitr M, Jones PD, 
Richman SP, Madrazo B, Kwon D, Garcia-Buitrago 
M, Martin P, Hosein PJ, Savaraj N. Phase 2 study 
of pembrolizumab and circulating biomarkers to 
predict anticancer response in advanced, unresectable 
hepatocellular carcinoma. Cancer. 2019; 125:3603-3614.

69. Yang H, Kang B, Ha Y, Lee SH, Kim I, Kim H, Lee WS, 
Kim G, Jung S, Rha SY, Gaillard VE, Cheon J, Kim C, 
Chon HJ. High serum IL-6 correlates with reduced clinical 
benefit of atezolizumab and bevacizumab in unresectable 
hepatocellular carcinoma. JHEP Rep. 2023; 5:100672.

70. Myojin Y, Kodama T, Sakamori R, et al. Interleukin-6 
is a circulating prognostic biomarker for hepatocellular 
carcinoma patients treated with combined immunotherapy. 
Cancers (Basel). 2022; 14:883.

71. Hattori E, Okumoto K, Adachi T, Takeda T, Ito J, Sugahara 
K, Watanabe H, Saito K, Saito T, Togashi H, Kawata S. 
Possible contribution of circulating interleukin-10 (IL-
10) to anti-tumor immunity and prognosis in patients with 
unresectable hepatocellular carcinoma. Hepatol Res. 2003; 
27:309-314.

72. Chan SL, Mo FK, Wong CS, Chan CM, Leung LK, 
Hui EP, Ma BB, Chan AT, Mok TS, Yeo W. A study 
of circulating interleukin 10 in prognostication of 
unresectable hepatocellular carcinoma. Cancer. 2012; 
118:3984-3992.

73. Ocal O, Schutte K, Kupcinskas J, et al. Baseline 
interleukin-6 and -8 predict response and survival in 
patients with advanced hepatocellular carcinoma treated 
with sorafenib monotherapy: An exploratory post hoc 
analysis of the SORAMIC trial. J Cancer Res Clin Oncol. 
2022; 148:475-485.

74. Iida-Ueno A, Enomoto M, Uchida-Kobayashi S, Hagihara 
A, Teranishi Y, Fujii H, Morikawa H, Murakami Y, Tamori 
A, Thuy LTT, Kawada N. Changes in plasma interleukin-8 

and tumor necrosis factor-alpha levels during the early 
treatment period as a predictor of the response to sorafenib 
in patients with unresectable hepatocellular carcinoma. 
Cancer Chemother Pharmacol. 2018; 82:857-864.

75. Poon RT, Lau C, Pang R, Ng KK, Yuen J, Fan ST. 
High serum vascular endothelial growth factor levels 
predict poor prognosis after radiofrequency ablation of 
hepatocellular carcinoma: Importance of tumor biomarker 
in ablative therapies. Ann Surg Oncol. 2007; 14:1835-
1845.

76. Hong YM, Cho M, Yoon KT, Ryu JH, Yang KH, Jeon 
UB, Hwang TH. Neutrophil-lymphocyte ratio predicts 
the therapeutic benefit of neoadjuvant transarterial 
chemoembolizat ion in pat ients with resectable 
hepatocellular carcinoma. Eur J Gastroenterol Hepatol. 
2020; 32:1186-1191.

77. Eso Y, Takeda H, Taura K, Takai A, Takahashi K, Seno 
H. Pretreatment neutrophil-to-lymphocyte ratio as a 
predictive marker of response to atezolizumab plus 
bevacizumab for hepatocellular carcinoma. Curr Oncol. 
2021; 28:4157-4166.

78. Tada T, Kumada T, Hiraoka A, et al. Neutrophil-
lymphocyte ratio predicts early outcomes in patients 
with unresectable hepatocellular carcinoma treated with 
atezolizumab plus bevacizumab: A multicenter analysis. 
Eur J Gastroenterol Hepatol. 2022; 34:698-706.

79. Matoya S, Suzuki T, Matsuura K, et al. The neutrophil-
to-lymphocyte ratio at the start of the second course 
during atezolizumab plus bevacizumab therapy 
predicts therapeutic efficacy in patients with advanced 
hepatocellular carcinoma: A multicenter analysis. Hepatol 
Res. 2023; 53:511-521.

80. M a e s a k a K , S a k a m o r i  R ,  Ya m a d a R ,  e t  a l . 
Hyperprogressive disease in patients with unresectable 
hepatocellular carcinoma receiving atezolizumab plus 
bevacizumab therapy. Hepatol Res. 2022; 52:298-307.

81. Jost-Brinkmann F, Demir M, Wree A, Luedde T, 
Loosen SH, Muller T, Tacke F, Roderburg C, Mohr 
R. Atezolizumab plus bevacizumab in unresectable 
hepatocellular carcinoma: Results from a German real-
world cohort. Aliment Pharmacol Ther. 2023; 57:1313-
1325.

82. Wu YL, Fulgenzi CAM, D'Alessio A, et al. Neutrophil-
to-lymphocyte and platelet-to-lymphocyte ratios as 
prognostic biomarkers in unresectable hepatocellular 
carcinoma treated with atezolizumab plus bevacizumab. 
Cancers (Basel). 2022; 14:5834.

83. Hosoda S, Suda G, Sho T, et al. Low baseline CXCL9 
predicts early progressive disease in unresectable HCC 
with atezolizumab plus bevacizumab treatment. Liver 
Cancer. 2023; 12:156-170.

84. Sun Y, Wu L, Zhong Y, et al. Single-cell landscape of the 
ecosystem in early-relapse hepatocellular carcinoma. Cell. 
2021; 184:404-421.e16.

85. Park DJ, Sung PS, Lee GW, et al. Preferential expression 
of programmed death ligand 1 protein in tumor-associated 
macrophages and its potential role in immunotherapy for 
hepatocellular carcinoma. Int J Mol Sci. 2021; 22:4710.

86. Han JW, Kim JH, Kim DH, Jang JW, Bae SH, Choi 
JY, Yoon SK, Ahn J, Yang H, Sung PS. Higher number 
of tumor-infiltrating PD-L1+ cells is related to better 
response to multikinase inhibitors in hepatocellular 
carcinoma. Diagnostics (Basel). 2023; 13:1453.

87. Agdashian D, ElGindi M, Xie C, et al. The effect of anti-
CTLA4 treatment on peripheral and intra-tumoral T 

40



www.biosciencetrends.com

BioScience Trends. 2024; 18(1):21-41.BioScience Trends. 2024; 18(1):21-41.

cells in patients with hepatocellular carcinoma. Cancer 
Immunol Immunother. 2019; 68:599-608.

88. Liu Y, Xun Z, Ma K, et al. Identification of a tumour 
immune barrier in the HCC microenvironment that 
determines the efficacy of immunotherapy. J Hepatol. 
2023; 78:770-782.

89. Matsumae T, Kodama T, Myojin Y, et al. Circulating cell-
free DNA profiling predicts the therapeutic outcome in 
advanced hepatocellular carcinoma patients treated with 
combination immunotherapy. Cancers (Basel). 2022; 
14:3367.

90. Muraoka M, Maekawa S, Katoh R, et al. Usefulness of 
cell-free human telomerase reverse transcriptase mutant 
DNA quantification in blood for predicting hepatocellular 
carcinoma treatment efficacy. Hepatol Commun. 2021; 
5:1927-1938.

91. Winograd P, Hou S, Court CM, et al. Hepatocellular 
carcinoma-circulating tumor cells expressing PD-L1 are 
prognostic and potentially associated with response to 
checkpoint inhibitors. Hepatol Commun. 2020; 4:1527-
1540.

92. Tan Z, Yue C, Ji S, Zhao C, Jia R, Zhang Y, Liu R, Li D, 
Yu Q, Li P, Hu Z, Yang Y, Xu J. Assessment of PD-L1 
expression on circulating tumor cells for predicting clinical 
outcomes in patients with cancer receiving PD-1/PD-L1 
blockade therapies. Oncologist. 2021; 26:e2227-e2238.

93. Su K, Guo L, He K, et al. PD-L1 expression on circulating 
tumor cells can be a predictive biomarker to PD-1 
inhibitors combined with radiotherapy and antiangiogenic 
therapy in advanced hepatocellular carcinoma. Front 
Oncol. 2022; 12:873830.

94. Cannella R, Lewis S, da Fonseca L, Ronot M, Rimola 
J. Immunotherapy-based treatments of hepatocellular 
carcinoma: AJR expert panel narrative review. AJR Am J 
Roentgenol. 2022; 219:533-546.

95. Eisenhauer EA, Therasse P, Bogaerts J, et al. New 
response evaluation criteria in solid tumours: Revised 
RECIST guideline (version 1.1). Eur J Cancer. 2009; 
45:228-247.

96. Lencioni R, Llovet JM. Modified RECIST (mRECIST) 
assessment for hepatocellular carcinoma. Semin Liver 
Dis. 2010; 30:52-60.

97. Gregory J, Dioguardi Burgio M, Corrias G, Vilgrain V, 
Ronot M. Evaluation of liver tumour response by imaging. 
JHEP Rep. 2020; 2:100100.

98. Gordic S, Corcuera-Solano I, Stueck A, Besa C, Argiriadi 
P, Guniganti P, King M, Kihira S, Babb J, Thung S, Taouli 

B. Evaluation of HCC response to locoregional therapy: 
Validation of MRI-based response criteria versus explant 
pathology. J Hepatol. 2017; 67:1213-1221.

99. Wolchok JD, Hoos A, O'Day S, Weber JS, Hamid O, 
Lebbe C, Maio M, Binder M, Bohnsack O, Nichol G, 
Humphrey R, Hodi FS. Guidelines for the evaluation of 
immune therapy activity in solid tumors: Immune-related 
response criteria. Clin Cancer Res. 2009; 15:7412-7420.

100. Nishino M, Giobbie-Hurder A, Gargano M, Suda M, 
Ramaiya NH, Hodi FS. Developing a common language 
for tumor response to immunotherapy: Immune-related 
response criteria using unidimensional measurements. 
Clin Cancer Res. 2013; 19:3936-3943.

101. Seymour L, Bogaerts J, Perrone A, et al. iRECIST: 
Guidelines for response criteria for use in trials testing 
immunotherapeutics. Lancet Oncol. 2017; 18:e143-e152.

102. Hodi FS, Ballinger M, Lyons B, et al. Immune-modified 
response evaluation criteria in solid tumors (imRECIST): 
Refining guidelines to assess the clinical benefit of cancer 
immunotherapy. J Clin Oncol. 2018; 36:850-858.

103. Goldmacher GV, Khilnani AD, Andtbacka RHI, Luke 
JJ, Hodi FS, Marabelle A, Harrington K, Perrone A, 
Tse A, Madoff DC, Schwartz LH. Response criteria for 
intratumoral immunotherapy in solid tumors: itRECIST. J 
Clin Oncol. 2020; 38:2667-2676.

104. Kudo M, Aoki T, Ueshima K, et al. Achievement 
o f comple te response and d rug- f ree s t a tus by 
atezolizumab plus bevacizumab combined with or 
without curative conversion in patients with transarterial 
chemoembolization-unsuitable, intermediate-stage 
hepatocellular carcinoma: A multicenter proof-of-concept 
study. Liver Cancer. 2023; 12:321-338.

105. Burns EA, Muhsen IN, Anand K, Xu J, Umoru G, Arain 
AN, Abdelrahim M. Hepatitis B virus reactivation in 
cancer patients treated with immune checkpoint inhibitors. 
J Immunother. 2021; 44:132-139.

Received December 12, 2023; Revised February 8, 2024; 
Accepted February 14, 2024.

*Address correspondence to:
Wei Tang, International Health Care Center, National Center 
for Global Health and Medicine, Tokyo, Japan.
E-mail: politang-tky@umin.ac.jp

Released online in J-STAGE as advance publication February 
20, 2024.

41


