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Abstract

Most patients with hepatocellular carcinoma (HCC) have a
poor prognosis. Hepatectomy and local ablation are the main
curative treatments for HCC. Nevertheless, the recurrence
rate after hepatectomy or ablation is up to 70%, which seri-
ously affects patient prognosis. Several adjuvant therapies
have been explored to reduce postoperative recurrence.
However, although a variety of adjuvant therapies have been
shown to reduce the recurrence rate and improve overall sur-
vival, a standard consensus of national HCC guidelines for
adjuvant treatment is lacking. Therefore, there are significant
differences in the recommendations for adjuvant therapy for
HCC between the Eastern and Western guidelines. A variety
of adjuvant treatment methods, such as antiviral therapy,
transarterial chemoembolization or traditional Chinese medi-
cine, are recommended by the Chinese HCC guidelines. How-
ever, Western guidelines make few recommendations other
than antiviral therapy. Adjuvant immune checkpoint inhibi-
tors are recommended only in the recently updated American
Association for the Study of Liver Diseases guidelines. This
review summarized the existing adjuvant therapy options af-
ter curative hepatectomy or ablation and discusses several
important dilemmas of adjuvant treatments.
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Introduction

Hepatocellular carcinoma (HCC) is one of the most common
malignancies and the third leading cause of cancer death,
with increasing morbidity and mortality in recent years.!
Currently, liver transplantation, hepatectomy or local abla-
tion are the main curative therapies for early HCC. Hepa-
tectomy is recommended in some Asian countries for in-
termediate or advanced HCC patients with well-preserved
liver function.23 Theoretically, liver transplantation is the
best curative option for HCC but it has limitations in that
patients with well-preserved liver function or not satisfying
the Milan criteria are not eligible. More important, there is
a serious shortage of liver donors. Therefore, hepatectomy
and local ablation are still considered to be the main cura-
tive treatment options.

In fact, a majority of HCCs are not easy to be detected and
diagnosed at the early stage due to a lack of typical symp-
toms and signs.4-¢ Once typical clinical manifestations occur,
the disease has usually progressed to an intermediate or ad-
vanced stage.” Even after hepatectomy, the overall survival
(0OS) of HCC patients remains very poor because of postop-
erative recurrence and/or metastasis. It has been reported
that the 5-year recurrence rate of HCC after curative hepa-
tectomy is not more than 70%.8:° Even for HCC patients with
very early/early stage Barcelona Clinic Liver Cancer (BCLC),
the 5-year recurrence rate is 59.3% after hepatectomy and
70.6% after local ablation.0 Therefore, effective preventive
measures are urgently needed to reduce recurrence and im-
prove OS after hepatectomy or local ablation.

Many studies have reported the efficacy of various ad-
juvant therapies in reducing recurrence after hepatectomy
or local ablation. Currently, evidence-based medicine in
support of adjuvant therapy for HCC is not sufficient, and
different countries or regions have different recommenda-
tions. In this review, we summarize the existing evidence
of adjuvant therapy for HCC after curative hepatectomy or
ablation and discuss several urgent dilemmas in adjuvant
treatment (Fig. 1).

Prospective trials, prospective cohort studies, and meta-
analyses that explored the efficacy of adjuvant therapies to
prevent HCC recurrence in patients following curative he-
patectomy or local ablation indexed through December 30,
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Fig. 1. Follow-up and surveillance, recurrent modality, and adjuvant treatment strategy in patients with hepatocellular carcinoma (HCC) after curative

hepatectomy or local ablation. ICI, immune checkpoint inhibitor.

2023 in the PubMed database (https://pubmed.ncbi.nlm.nih.
gov/) were identified. The keywords “hepatocellular carci-
noma”, “hepatectomy”, “surgery”, “hepatic resection”, “abla-
tion”, “postoperative”, and “adjuvant” were used. Additional
papers were identified by manually searching the references
of identified studies. Only prospective research and meta-
analyses published in English were considered. This review
focused on the outcomes of OS and recurrence-free survival

(RFS).

Unanswered Questions of Adjuvant Treatment

Who will benefit from adjuvant treatment?

Postoperative adjuvant therapy is necessary because of the
high recurrence rate of HCC. However, at present, there is
no widely recognized adjuvant treatment modality with clear
efficacy. Therefore, it is obviously unreasonable for HCC pa-
tients who are tumor-free after curative hepatectomy or lo-
cal ablation to receive adjuvant therapy. Adjuvant therapy
will certainly cause adverse events and increase treatment
costs, but it may not significantly reduce the postoperative
recurrent rate. Almost all randomized trials that have been
published!1-13 or arel4-16 currently ongoing recruited HCC
patients at high risk of recurrence after curative hepatec-
tomy or local ablation. Official guidelines also recommend
that HCC patients at high risk of recurrence are eligible to
participate in clinical trials and receive adjuvant therapy.2.3:17
Therefore, only patients at high risk of recurrence receive
adjuvant therapy.

What are the risk factors for recurrence?

HCC recurrence is generally believed to have two origins.
One is the single-center origin in which intrahepatic micro-
metastases of the primary tumor or microthrombi before or
after hepatectomy. This kind of recurrence usually occurs
within 2 years after initial curative treatment, and is termed
an early recurrence. The other is the multicenter origin,
which occurs late, usually more than 2 years after surgery.
Patients with late recurrence have a significantly better prog-
nosis than those with early recurrence, which means that
different types of recurrence have different risk factors.18:19
Many studies indicated the main risk factors of early-phase
recurrence include tumor size more than 5 cm, multiple tu-
mors, satellites, absence of a tumor capsule, tumor rupture,
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non-anatomical resection, narrow resection margin (<2 cm),
alpha-fetoprotein 2400 ng/mL, as well as micro- and macro-
vascular invasion. In randomized trials, high-risk features for
hepatectomy patients included tumor size >5 cm, more than
three tumors, microvascular invasion (MVI), macrovascular
invasion, and poor tumor differentiation.11-16 Risk factors of
late-phase recurrence included liver cirrhosis, higher grade
of hepatitis activity, and poor tumor classification.20-22 HCC
patients usually have underlying chronic liver disease or cir-
rhosis caused by chronic hepatitis B virus (HBV) or hepatitis
C virus (HCV) infection, alcoholic, or nonalcoholic steatohep-
atitis.23 They thus always have early and late phase recur-
rence risk factors.

The existence of high-risk recurrence factors means
that the probability of residual tumor in the remanent liver
is higher and the possibility of early recurrence is greater,
which seriously affects the overall effectiveness of surgical
treatment and patient quality of life. Adjuvant therapy after
local treatment of HCC aims to reduce the recurrence rate
and thus increase RFS and OS. In fact, local (hepatectomy
or ablation) and adjuvant treatment can be complementary.
On one hand, local treatment reduces tumor burden and in-
duces the release of tumor antigens and pro-inflammatory
cytokines. On the other hand, adjuvant immunotherapy and
tyrosine kinase inhibitors can boost antitumor immunity. The
different risk factors for the two types of recurrence sug-
gest that different targets should be targeted when design-
ing adjuvant therapy. For intrahepatic metastasis, the pri-
mary strategy should target disseminated tumor cells that
have spread from the primary tumor, just as in transarterial
chemoembolization (TACE). For de novo carcinogenesis, the
strategy is to control the progression of hepatitis or cirrho-
sis, as in antiviral treatment.24 The effective elimination of
residual tumors or prevention of intrahepatic metastasis with
adjuvant therapy can help reduce early recurrence, which
may be a reason that adjuvant therapy is more suitable for
patients with high-risk factors of recurrence. However, few
studies have shown that postoperative antiproliferative and
anti-angiogenic therapy reduce latent intrahepatic and ex-
trahepatic spread, which is often associated with the risk of
early recurrence.

What are the strategies for adjuvant therapy?

Antiviral therapy: There are multiple goals for antiviral
therapy in patients with hepatitis-related HCC. On the ba-
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sis of comprehensive treatment of HCC, antiviral therapy
maximizes long-term inhibition of virus replication, reduces
liver damage caused by the virus, prevents disease pro-
gression, provides a good basis for liver function, reduces
the risk of postoperative recurrence, and ultimately pro-
longs patient survival.25:26 In HCV-related HCC, sustained
viral eradication obtained by interferon-based or interfer-
on-free regimens significantly reduces tumor recurrence
without differences associated with the antiviral strategy
used.2’” However, a meta-analysis showed that recurrence
risk and survival were extremely variable in patients with
successfully treated HCV-related HCC, providing a useful
benchmark for indirect comparison of the benefits of direct-
acting antivirals.28 In addition, a high HBV load has been
associated with poor RFS and OS in patients with HCC af-
ter hepatectomy.21.29 Therefore, antiviral therapy is crucial
for preventing postoperative recurrence of HBV- or HCV-
related HCC.

Nucleos(t)ide analogs: Several randomized trials re-
ported the positive efficacy of postoperative treatment with
nucleos(t)ide analogs for HBV-related HCC, with reduced
viral load, decreased tumor recurrence, and improved OS.
A meta-analysis of 21 studies including 8,752 patients ex-
plored the efficacy of nucleos(t)ide analogs for patients with
HBV-related HCC after curative hepatectomy. It found that
postoperative nucleos(t)ide analog therapy significantly re-
duced early recurrence rate and improved 0S.30 The use of
nucleos(t)ide analogs for postoperative HBV-related HCC is
recommended by several HCC treatment guidelines.2/17:31

Nucleos(t)ide analogs include lamivudine, adefovir dipiv-
oxil, entecavir, tenofovir, and others. Previous study found
adefovir dipivoxil and lamivudine were associated with similar
survival benefits in patients with HBV-related HCC after cura-
tive hepatectomy, and that adefovir dipivoxil was more cost-
effective.32 Tenofovir has been associated with significantly
lower HCC risk than entecavir in patients with chronic HBV
infection who are from Asia and/or nucleos(t)ide naive.33:34
A recent randomized trial including patients with HBV-related
HCC after curative hepatectomy, reported that consistent
tenofovir therapy was associated with a significantly lower
risk of tumor recurrence than entecavir therapy.3°> Moreover,
when compared with entecavir, tenofovir decreased serum
lipoprotein levels in patients with HBV-related HCC.36 Antivi-
ral therapy with tenofovir may thus be the preferred drug for
HBV-related HCC after curative treatment.3”

Interferon: Many studies reported the safety and effi-
cacy of interferon in the prevention of recurrence after cu-
rative hepatectomy for HCC, but with different conclusions.
Interferon has various functions such as antiviral replication,
antitumor angiogenesis, regulating cell proliferation, immune
regulation, and blocking proto-oncogenes. Eight randomized
trials reported the safety and efficacy of interferon in pre-
venting postoperative HCC recurrence, of which three en-
rolled only patients with HCV-related HCC,38-40 one enrolled
only HBV-related HCC,#! and the other four included patients
with either HBV- or HCV-related HCC.42-45 The reasons for
these differences may be heterogeneity of the underlying
liver disease and liver reserve function, as well as interfer-
on type, dose, and duration of treatment. A meta-analysis
of these eight RCTs concluded that interferon reduced the
2-year recurrence rate and improved the 2-year OS after
curative hepatectomy.*¢ However, another meta-analysis
showed that adjuvant interferon was effective in prolonging
RFS and OS of HCV-related HCC but not HBV-related HCC,
showing that the effectiveness of interferon was different in
different populations and viral-related HCC.4” Although ad-
juvant interferon therapy may be effective, it is associated

with many adverse reactions, including fatigue, chills, fever,
headache, muscle pain, leukopenia, and thrombocytopenia.
Other less common adverse reactions include transaminase
elevation and alopecia.

TACE or hepatic arterial infusion chemotherapy:
TACE is a key treatment of intermediate-stage HCC. The
main purpose of adjuvant TACE is to eradicate tumor cells
that may have been released during the intraoperative extru-
sion and to destroy preexisting microscopic cancer foci that
preoperative imaging failed to detect. Randomized trials and
retrospective studies with large sample sizes have confirmed
that adjuvant TACE reduced the intrahepatic recurrence rate
and improved RFS and/or OS after resection.11,1248 None
of these trials included patients who underwent local abla-
tion. A meta-analysis had shown a survival benefit with ad-
juvant TACE.#° Another meta-analysis including 11,165 pa-
tients showed that adjuvant TACE significantly improved RFS
and OS compared with curative resection alone. A subgroup
analysis showed that adjuvant TACE was more effective in
patients with tumor maximum diameters of >5 cm, MVI,
and multiple tumors, but had the opposite effects in early
HCC patients without MVI, and even decreased RFS.50 The
most frequent adverse events of TACE include fever, nau-
sea, ascites, fatigue, leukopenia, and liver function damage.
Most patients tolerate it without requiring need symptomatic
treatment. All these randomized trials were from China or
Japan. The HCC guidelines in Western countries do not rec-
ommend adjuvant TACE for HCC.17.51

Hepatic arterial infusion chemotherapy (HAIC) is admin-
istered by continuous infusion of chemotherapy drugs into
tumor blood vessels with microcatheters. HAIC has the ad-
vantages of higher local drug concentration and fewer sys-
temic side effects than systemic chemotherapy. HAIC alone
or in combination with immunotherapy or molecular targeted
therapy has shown surprising effects in advanced HCC.52-
54 A randomized trial enrolled 315 HCC patients with MVI
who underwent hepatectomy followed by adjuvant HAIC or
routine follow-up. Adjuvant HAIC with FOLFOX significantly
improved RFS with acceptable toxicity in HCC patients with
MVI.55 However, these findings need to be confirmed by fur-
ther trials.

During the implementation of TACE and HAIC, digital
subtraction angiography (DSA) is required before the drug
is injected. DSA can detect residual lesions and determine
whether hepatectomy was curative or not. In cases with re-
sidual lesions, the purpose of TACE or HAIC is to control re-
sidual lesions (so-called recurrence foci). These treatments
are not adjuvant therapy. Owing to the absence of DSA de-
tection in the active surveillance group, residual lesions were
not found in time. Those who did not achieve genuine cura-
tive treatment did not receive TACE or HAIC therapy for re-
sidual lesions, and their short-term recurrence rate was sig-
nificantly higher than that in the treatment group. Although
some randomized trials included curative cases, they did not
report the specific criteria of “curative”. In addition, those
randomized trials did not exclude some cases enrolled af-
ter DSA, such as those with residual lesions during imaging.
Therefore, the conclusion that adjuvant TACE or HAIC sig-
nificantly reduced the recurrence rate after curative hepatic
resection may not be accurate. If real curative cases were
included, positive results might not have been observed. We
look forward to RCTs that include genuine curative cases to
explore this issue.

Molecular targeted drugs: Whether sorafenib should
be used as adjuvant therapy for HCC after curative resec-
tion remains controversial. The STORM study explored the
safety and efficacy of adjuvant sorafenib treatment of HCC
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Table 1. Ongoing phase III clinical trials of adjuvant immune checkpoint inhibitors after hepatectomy or ablation

. ClinicalTri- Sample Primary
Trials als.gov ID (n) Tumor status Treatment arms endpoint
CheckMate 9DX NCT03383458 545 High-risk recurrence Nivolumab vs. placebo RFS
EMERALD-2 NCT03847428 908 High-risk recurrence Durvalumab + bevacizumab RFS

IMbrave 050 NCT04102098 668

KEYNOTE-937
JUPITER 04
SHR-1210-II1-325

NCT03867084 950
NCT03859128 402
NCT04639180 687

High-risk recurrence

BCLC 0 or A
High-risk recurrence
High-risk recurrence

vs. durvalumab vs. placebo

Atezolizumab + bevacizumab RFS*
vs. active surveillance

Pembrolizumab vs. placebo RFS, OS
Toripalimab vs. placebo RFS
Camrelizumab + apatinib RFS

vs. active surveillance

*Interim analysis was reported. BCLC, Barcelona Clinic Liver Cancer; OS, overall survival; RFS, recurrence-free survival.

following resection or ablation. The study noted no difference
in median RFS in the sorafenib (33.3 months) and placebo
groups (33.7 months). Moreover, sorafenib increased the
rate of grade 3 or 4 adverse events.13 It is noted that the
STORM trial only enrolled a few proportions of patients with
a high risk of recurrence. Randomized trials exploring the
safety and efficacy of other tyrosine kinase inhibitors (e.g.,
lenvatinib, apatinib, or donafinib) as adjuvant therapy for
HCC after curative hepatectomy are ongoing.

Immunotherapy: Immunotherapy is a therapeutic
method of killing tumor cells by stimulating or regulating im-
mune function. Currently, immunotherapy for HCC mainly
includes adoptive immunotherapy, immune checkpoint in-
hibitors (ICIs), tumor vaccines, and others. Several rand-
omized trials have confirmed the safety and efficacy of ad-
juvant adoptive immunotherapy for patients with HCC after
hepatectomy.56-59 These findings were confirmed by meta-
analyses.60.61

ICIs are an emerging treatment with great potential for
effective treatment of HCC. The success of the IMbravel50
study has laid a solid foundation for the combined use of ICI
therapy for advanced HCC.%2 A phase II trial with a single
arm (n=55) including patients with intermediate or high risk
of recurrence who received adjuvant nivolumab had a median
RFS of 26 months, but most patients had single tumors with
a median diameter of approximately 2.6 cm and no vascular
invasion.®3 A prospective cohort study included 432 patients
receiving no adjuvant therapy (83.6%), 53 (10.2%) who re-
ceived ICIs alone, and 32 (6.2%) who received adjuvant ICIs
plus tyrosine kinase inhibitors. During a median follow-up of
34.0 months, propensity score matching found that RFS and
OS were significantly higher in patients who received either
type of adjuvant therapy than in those who received no adju-
vant therapy. More interestingly, the study found no signifi-
cant differences in RFS or OS between patients treated with
ICIs alone or ICIs with tyrosine kinase inhibitors. The overall
study findings imply that ICIs alone or combined with tyros-
ine kinase inhibitors improved RFS in patients at high risk
of HCC recurrence after curative hepatectomy.®* Recently,
an interim analysis of IMbrave050 (n=668) reported that at
a median follow-up of 17.4 months, adjuvant atezolizumab
plus bevacizumab were associated with a significantly lower
RFS rate than active surveillance in patients with HCC and a
high risk of recurrence (p=0.012). However, the median RFS
of both groups had not been reached.55 Longer follow-up is
needed to confirm the efficacy of adjuvant atezolizumab plus
bevacizumab. Other randomized trials are currently under-
way, including CheckMate 9DX,'* KEYNOTE-937,15> and EM-
ERALD-216 (Table 1). We are looking forward to the reporting

of the trial results.

Systemic chemotherapy: Theoretically, systemic chem-
otherapy can control tumor growth and reduce recurrence
by killing tumor cells in the blood circulation. However, ran-
domized trials did not find carmofur or uracil tegafur sig-
nificantly improved RFS or 0S.%6-68 A small randomized
trial (n=60) found that postoperative adjuvant capecitabine
therapy significantly reduced the risk of tumor recurrence in
HCC patients after hepatectomy, but did not improve 0S.%°
However, a meta-analysis found no significant benefit of ad-
juvant oral systemic chemotherapy on OS and RFS.70 Moreo-
ver, the adverse events of systemic chemotherapy included
transaminase elevation, nausea, diarrhea, and bone marrow
suppression.

Radiation therapy: Radiotherapy has gradually become
one of the main treatment methods for unresectable HCC.7%.72
However, the efficacy of adjuvant radiotherapy for HCC after
curative hepatectomy remains controversial. A randomized
trial (n=119) found that adjuvant radiotherapy was techni-
cally feasible and relatively safe for centrally located HCCs af-
ter narrow-margin hepatectomy but did not improve RFS and
0S.73 A phase 1I trial included 76 HCC patients who under-
went narrow-margin hepatectomy and then received postop-
erative intensity-modulated radiotherapy. During a median
follow-up of 70 months, the 5-year OS and RFS rates were
72.2% and 51.6%, respectively. No marginal recurrence was
found. The most common radiation-associated grade-3 toxic-
ity was leukopenia (7.9%).74 A systematic review including
10 studies (three randomized trials, one phase II trial, and
six retrospective comparative studies) found adjuvant exter-
nal beam radiotherapy significantly improved RFS and OS
compared with hepatectomy alone.”> Therefore, the current
limited evidence showed that adjuvant radiotherapy was a
safe and effective measure to prevent HCC recurrence.

A small randomized trial (n=43) found adjuvant intra-ar-
terial iodine-131 labeled significantly improved RFS and OS
in patients with HCC after curative hepatectomy.”6:77 How-
ever, a larger randomized trial (n=103) did not find a clinical
benefit of adjuvant iodine-131 for such patients.”® Therefore,
the efficacy of adjuvant iodine-131 in HCC needs to be con-
firmed by more randomized trials with large samples.

Vitamin K2 analogs: Vitamin K2 analogs (VK2) have
been shown to induce cell cycle arrest at the G1/S phase
leading to growth inhibition of HCC cells and to have potent
anti-angiogenic activity, preventing late recurrence.”® Five
randomized trials and one cohort study from Japan reported
the controversial efficacy of adjuvant oral VK2 in preventing
HCC recurrence and improving survival after curative hepa-
tectomy or ablation.80-85 A meta-analysis of. those studies
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found that adjuvant VK2 analogs reduced short-term tumor
recurrence and improved short-term 0S.86 It is noted that
the included populations were from Japan. The role of VK2
analogs in other countries or regions remains to be explored.

Traditional Chinese medicine: Chen et a/.8” performed
a multicenter randomized trial of the efficacy of adjuvant
Huaier on long-term prognosis after curative hepatectomy. A
total of 1,044 patients with HCC after hepatectomy were ran-
domly assigned to receive Huaier or placebo in a 2:1 ratio.
RFS was significantly prolonged and extrahepatic recurrence
was reduced in the treatment group. The molecular mecha-
nism of Huaier needs further exploration.

When is adjuvant treatment administered?

Although many retrospective or prospective studies have re-
ported the application of adjuvant therapy for HCC, the start
time of adjuvant therapy is not uniform. In most randomized
trials, the general recommended date of initial adjuvant
therapy is 4-8 weeks. The difference between HCC patients
and those with other malignant tumors is that HCC develops
combined with liver diseases, such as cirrhosis, liver func-
tion abnormalities, and others. Therefore, in addition to the
recovery of systemic conditions, the date of initial adjuvant
therapy for HCC should also be combined with the recovery
of postoperative liver function and comorbidities, such as hy-
pertension and diabetes.

Different recommendations for adjuvant therapy in
different countries

Although many randomized trials have explored the efficacy
of adjuvant therapy, the findings are different, or the same
treatment can lead to inconsistent or even opposite findings.
Therefore, recommendations for adjuvant therapy differ
greatly in the HCC treatment guidelines in different countries
(Table 2). There is an East-West consensus regarding the
use of nucleos(t)ide analogs for postoperative treatment of
patients with HBV-related HCC. The Chinese guidelines rec-
ommend adjuvant TACE and Huaier for HCC patients with a
high risk of recurrence (Level 1, Strong Recommendation).?
In contrast, the recommendations of HCC guidelines in other
countries are conservative. The Korean HCC guidelines rec-
ommend adjuvant adoptive immunotherapy after curative
hepatectomy®8 and the Japanese guidelines only recommend
antiviral therapy for patients with viral hepatitis.> The Na-
tional Comprehensive Cancer Network guidelines state that
no adjuvant therapies have been shown to have benefits but
there are ongoing clinical trials.8° The American Association
for the Study of Liver Diseases recommends the use of ad-
juvant ICI-based systemic therapy in patients at a high risk
of recurrence after hepatectomy or local ablation (Level 2,
Strong Recommendation).!” However, the European Associa-
tion for the Study of the Liver and the European Society for
Medical Oncology do not recommend any adjuvant therapy
for HCC.>1.90 As medicine evolves and clinical trials are suc-
cessful, the gaps in the guidelines for adjuvant therapy will
be filled.

There are many reasons why the recommendations of
HCC guidelines in different countries or regions may vary
greatly. The first is the difference in treatment philosophy.
The treatment model recommended by Chinese HCC guide-
lines presents a multi-treatment model in which one treat-
ment method can be applied to multiple tumor stages. For
example, hepatic resection can be applied to stages Ia to
IITa HCC. Tumors of the same stage can receive a variety
of treatments. For example, patients with intermediate or
advanced HCC can receive transarterial treatment combined
with targeting and immunotherapy. In Western guidelines, a

combination treatment model is rarely recommended. Sec-
ond, Western guidelines attach great importance to quality
control at the level of evidence. Only high-level evidence-
based treatment would be cited in Western guidelines. Fi-
nally, most official HCC guidelines, but not those in China,
detail each author’s conflict of interest.

Discussion

Although many adjuvant therapies for HCC after hepatec-
tomy or local ablation have been reported, no treatment con-
sensus has been reached. Adjuvant TACE may significantly
reduce intrahepatic recurrence and improve OS, but only
in patients with a high risk of recurrence, such as tumors
>5 cm in diameter, multiple tumors, or those involving mi-
cro- or macrovascular invasion.4? It has also been reported
that adjuvant HAIC may be beneficial in patients with MVI.>>
However, further randomized trials that included genuine cu-
rative cases are needed to explore the efficacy of adjuvant
TACE or HAIC. A series of randomized trials have shown that
antiviral therapy has potential benefits in reducing the recur-
rence rate and improving RFS and/or OS in patients with viral
hepatitis-related HCC after curative hepatectomy or local ab-
lation. Reliable and sufficient high-level evidence has verified
this finding. Although the STORM trial reached a negative
conclusion, it is not yet possible to conclude that molecu-
lar-targeted agents have no role in the adjuvant therapy of
HCC. The efficacy of other adjuvant therapies such as radi-
olabeled lipiodol, radiotherapy, VK2 analogs, retinoids, and
heparanase inhibitors has been shown to a certain extent,
but they are not routinely used in clinical practice and need
to be further verified in large randomized trials. Early trials
have found adjuvant immunotherapy has to be effective in
HCC. Many randomized trials of adjuvant ICIs in HCC are
ongoing, and the results of these trials are worth looking
forward to. Although many randomized trials have reported a
variety of effective adjuvant treatment options, there are still
many open questions worthy of clinical consideration, such
as who will benefit most from adjuvant treatment, when ad-
juvant treatment is administered, which adjuvant treatment
options are optimal, how about reliable multiparametric bio-
markers of adjuvant therapy response, and so on.%-93 Last
but not least, combination regimens, such as TACE or HAIC
combined with targeted drugs, ICIs, or radiotherapy, or a
combination of targeted agents plus ICIs, is also a direction
of adjuvant therapy being explored.®*

The purpose of adjuvant therapy is to reduce the risk
of postoperative recurrence, thereby reducing the recur-
rence rate and thus prolonging survival. However, there is
no standard stratification of recurrence risk,%>:% and various
studies of adjuvant therapy for HCC enrolled populations that
differed in recurrence risk. Factors such as viral infection,
alpha-fetoprotein level, liver cirrhosis, tumor size, satellite
nodules, multiple tumors, and micro- or macrovascular inva-
sion may indicate a high risk of recurrence after hepatectomy
or local ablation.22:°7 Stratification of high-risk recurrence is
also defined differently in different countries, which may lead
to significant differences in the effectiveness of different ad-
juvant treatment regimens and subsequent recommenda-
tions in different countries. Integrating these risk factors to
identify those at high risk of recurrence and those who could
potentially benefit from adjuvant therapy after HCC remains
a challenge. In recent years, molecular-targeted drugs and
ICIs are emerging and have shown initial efficacy in HCC. In
the future, the use of combination therapy such as ICIs com-
bined with molecular targeted drugs and/or TACE will most
likely increase.
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