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Abstract
Background: Primary liver cancer, of which around 75–85%
is hepatocellular carcinoma in China, is the fourth most
common malignancy and the second leading cause of
tumor-related death, thereby posing a significant threat
to the life and health of the Chinese people. Summary:
Since the publication of Guidelines for Diagnosis and Treat-
ment of Primary Liver Cancer in China in June 2017, which
were updated by the National Health Commission in De-
cember 2019, additional high-quality evidence has emerged
from researchers worldwide regarding the diagnosis, stag-
ing, and treatment of liver cancer, that requires the guide-
lines to be updated again. The new edition (2022 Edition)
was written by more than 100 experts in the field of liver
cancer in China, which not only reflects the real-world
situation in China but also may reshape the nationwide
diagnosis and treatment of liver cancer. Key Messages: The
new guideline aims to encourage the implementation of
evidence-based practice and improve the national average
5-year survival rate for patients with liver cancer, as pro-
posed in the “Health China 2030 Blueprint.”

© 2023 The Author(s).

Published by S. Karger AG, Basel

Overview

Primary liver cancer is currently the fourth most
common malignancy and the second leading cause of

tumor-related death in China, posing a significant threat
to the lives and health of the Chinese people [1–3].
Primary liver cancer is classified into three main patho-
logical types: hepatocellular carcinoma (HCC), intrahe-
patic cholangiocarcinoma (ICC), and combined
hepatocellular-cholangiocarcinoma (cHCC-CCA). These
pathological subtypes of primary liver cancer vary greatly
in their pathogenesis, biological behavior, pathologic
histology, treatment, and prognosis. As HCC accounts
for 75–85% of all cases of primary liver cancer, with ICC
accounting for 10–15% of cases [4], in this guideline, the
term “liver cancer” refers to HCC only.

To standardize the diagnosis and treatment of HCC in
China, the former National Health and Family Planning
Commission of the People’s Republic of China released
the Guidelines for the Diagnosis and Treatment of Pri-
mary Liver Cancer (2017 Edition) in June 2017, which
were updated by the National Health Commission in
December 2019. The Guidelines for the Diagnosis and
Treatment of Hepatocellular Carcinoma (2019 Edition)
reflected advancements in research, diagnosis, and the
comprehensive multidisciplinary treatment of liver can-
cer in China at that time. These Guidelines helped stand-
ardize the diagnosis and treatment of liver cancer, im-
prove the prognosis of patients with liver cancer, ensure
medical service quality and safety, and optimize medical
resources. Since the publication of the Guidelines for the
Diagnosis and Treatment of Hepatocellular Carcinoma
(2019 Edition), high-quality evidence has emerged from
researchers worldwide regarding the diagnosis, staging,
and treatment of liver cancer; many of these findings are
directly applicable to clinical practice in China. In re-
sponse to these developments, the National Health Com-
mission decided to revise and update the 2019 edition to
produce the Guidelines for the Diagnosis and Treatment
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of Primary Liver Cancer (2022 Edition) that includes the
latest practices in the clinical diagnosis and treatment of
liver cancer based on the latest research. The Oncology
Branch of the Chinese Medical Association (CMA), in
conjunction with organizations such as the Liver Cancer
Professional Committee of the China Anti-Cancer Asso-
ciation, the Ultrasonography Branch of the CMA, the
Surgeon Branch of the Chinese Medical Doctor Associ-
ation, and the Chinese College of Interventionalists, were
entrusted to update the guideline by forming a nation-
wide committee of multidisciplinary experts in the field of
liver cancer. The new guideline aims to encourage the
implementation of evidence-based practice and improve
the national average 5-year survival rate for patients with
liver cancer, as proposed in the “Health China 2030
Blueprint.”

Methodology

Grading of Recommendations, Assessment, Development and
Evaluation (GRADE) is the most widely used system for evaluating
evidence and grading recommendations [5]. The GRADE system
consists of two parts. The first part is the evaluation of evidence,
during which the quality of evidence is classified into one of four
levels: high, moderate, low, and very low, based on risk of bias,
inconsistency, indirectness, imprecision, and publication [6]. The

second part is the grading of recommendations; based on the
GRADE system, the pros and cons of medical interventions,
quality of evidence, values and preferences, and resource con-
sumption are considered in order to classify recommendations
as strong or weak (conditional) [7]. For any given medical
intervention, a greater difference between the advantages and
disadvantages, a higher quality of evidence, clearer and more
convergent values and preferences, and a lower cost and re-
source consumption correspond with a strong recommenda-
tion. Otherwise, a weak recommendation (conditional recom-
mendation) is assigned. The assessment of the evidence under-
lying the evidence-based recommendations in this guideline
was based on the GRADE methodology, and the Oxford Centre
for Evidence-Based Medicine Levels of Evidence (2011 Edition)
(OCEBM Levels of Evidence) was used as a supporting tool for
the specific grading of evidence. The transition from evidence to
recommendations was mainly based on GRADE; the grading
scheme employed in the American Society of Clinical Oncology
(ASCO) guidelines methodology [8] was also used to modify the
grading of recommendations accordingly (Table 1).

The strength of recommendations was categorized into three
levels: strong, moderate, and weak. A strong recommendation
reflects a high level of confidence from the expert group regarding
a specific clinical practice and that most, if not all, target users
should adopt the recommendation. A moderate recommendation
reflects a moderate level of confidence from the expert group in a
specific clinical practice, and while most target users should adopt
the recommendation, consideration should be given to the joint
decision made by the physician and the patient during clinical
practice. A weak recommendation reflects only some confidence
from the expert group in a specific clinical practice; the

Table 1. Recommendation strength

Recommendation
strength

Description of definition

Strong recommendation High confidence that the true value is close to the effect estimate. Based on high-quality research
evidence supporting a net benefit (e.g., benefits outweighing harms); good consistency between
findings with no or few exceptions; minor or no doubts about the quality of the study; and/or
agreement of expert panel members. In other cases, high-quality evidence that convince the experts
that the benefits clearly outweigh harm (including what is discussed in the literature review and analysis
of the guidelines) may also support a strong recommendation

Moderate
recommendation

Moderate confidence in effect estimates. Based on good research evidence supporting net benefits
(e.g., benefits outweighing harms); consistency between research findings, with minor and/or a few
exceptions; minor or few doubts about the study quality; and/or agreement of the expert panel
members. In other cases, moderate-quality evidence with the benefits outweighing the harms
(including those discussed in the literature review and analysis of the guidelines) may also formulate a
moderate recommendation

Weak recommendation There is limited confidence in the effect estimates, and this recommendation provides the best current
guidance for clinical practice. Based on limited research evidence supporting a net benefit (e.g., benefits
outweighing harms); consistent study findings with major exceptions; major doubts about study
quality; and/or agreement from expert panel members. In other cases, limited evidence (including what
is discussed in the literature review and analysis of the guidelines) may also lead to weak
recommendations

Recommendation strength “strong recommendation, moderate recommendation, weak recommendation” expressed in the
article with “A, B, C,” respectively.
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recommendation should be conditionally applied to the target
group with an emphasis on physician-patient joint decision-
making.

Screening and Diagnosis

Screening and Monitoring Individuals at High Risk
of HCC
Screening and monitoring individuals at high risk of

HCC facilitates its early detection, diagnosis, and treat-
ment and is key to improving patients’ outcomes [9]. The
rapid and convenient identification of patient groups at
high risk of HCC is a prerequisite for large-scale screening
for HCC, while stratified assessment of HCC risks in a
population forms the basis for the development of HCC
screening strategies. In China, populations at high risk of
HCC include those with hepatitis B virus (HBV) and/or
hepatitis C virus (HCV) infection, non-alcoholic steato-
hepatitis, cirrhosis from other causes, those who consume
excessive amounts of alcohol, and/or those with a family
history of liver cancer, especially males >40 years of age.
Although current anti-HBV and anti-HCV therapies may
significantly reduce the risk of HCC, the development of
HCC is not fully prevented [10]. The age-Male-AlBi-
Platelets score (aMAP score), a risk assessment model
developed by Chinese scholars that is indicated for a
variety of chronic liver diseases and various types of HCC,
can be used to categorize a population with liver diseases
into risk groups for HCC: low (score 0–50), intermediate
(score 50–60), and high (score 60–100) risk, with annual
HCC incidence rates of 0–0.2%, 0.4–1%, and 1.6–4%,
respectively [11] (evidence level 2, recommendation B).
Screening for HCC may be performed using ultrasonog-
raphy (US) and serum alpha-fetoprotein (AFP) and is
recommended at least every 6 months in high-risk pop-
ulations [9] (evidence level 2, recommendation A).
Screening should aim to include all individuals in
high-risk groups using a novel model of integrated
screening by the community and hospital [12].

Imaging Examinations for HCC
Because different imaging methods have unique ad-

vantages and disadvantages, emphasis should be placed
on their integrated application to allow a comprehensive
assessment.

Ultrasonography
US is the most common method to obtain images of

the liver in clinical practice, as it is easy to undertake,
produces real-time results and is noninvasive and

radiation-free. Routine gray-scale US can detect early-
stage focal liver lesions with a high degree of sensitivity,
identify lesions as cystic or solid, and provide a prelimi-
nary determination of if lesions are benign or malignant.
It is also able to thoroughly screen for metastases in the
liver or abdominal cavity, and identify invasion of intra-
hepatic vessels and bile ducts. Color Doppler flowUSmay
be used to visualize the blood supply within a lesion, to
assist in determining if it is benign or malignant, and to
indicate the adjacent relationship with important intra-
hepatic vessels and the invasion of intrahepatic vessels.
Moreover, it can be used to provide a preliminary assess-
ment of the expected efficacy of locoregional treatment
for HCC. Contrast-enhanced US can dynamically visual-
ize real-time changes in vascular perfusion in liver tumors
and identify liver tumors of different natures. The use of
contrast-enhanced US intraoperatively may identify
small occult lesions, guide locoregional treatment in
real time, and predict the postoperative efficacy/outcomes
of locoregional treatment of HCC [13–16] (evidence level
3, recommendation A). US combined with imaging nav-
igation technology offers a tool for the precise localization
and ablation of HCC, especially occult HCC that cannot
be visualized by conventional US [13, 17] (evidence level
4, recommendation B). US elastography allows the quan-
titative measurements of the stiffness of liver tumors and
the extent of fibrosis/sclerosis of the surrounding liver
parenchyma to provide valuable information for formu-
lating treatment plans for HCC [18] (evidence level 3,
recommendation B). The integration of multimodal US
techniques plays an important role in the accurate pre-
operative diagnosis, intraoperative localization, and post-
operative assessment of HCC.

Computed Tomography and Magnetic
Resonance Imaging
Dynamic contrast-enhanced computed tomography

(CT) and multiparametric magnetic resonance imaging
(mpMRI) scans are the imaging methods of choice for the
diagnosis of HCC in those with abnormal US and/or
serum AFP levels during screening. Dynamic contrast-
enhanced CT/MRI (gadopentetate dimeglumine/gadoben-
ate dimeglumine) triple-phase scans include the late arte-
rial phase (usually scanned around 35 s after contrast
injection: the portal vein begins to enhance), the portal
venous phase (usually scanned 60–90 s after contrast
injection: the portal vein is fully enhanced; contrast filling
is visible in the hepatic veins; parenchyma usually reaches
peak enhancement), and the delayed phase (usually
scanned 3 min after contrast injection: both the portal
vein and hepatic vein are enhanced but the enhancement is
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less intense than the portal venous phase; liver parenchyma
is enhanced but the enhancement is less intense than the
portal venous phase). Quadruple-phase contrast-enhanced
MRI scans with hepatocyte-specific contrast agent (gado-
linium ethoxybenzyl-diethylenetriaminepentaacetic acid
[Gd-EOB-DTPA]) include the late arterial phase (as stated
previously), the portal venous phase (as stated previously),
the transitional phase (usually scanned 2–5 min after Gd-
EOB-DTPA injection: same signal intensity for the hepatic
vessels and hepatic parenchyma; hepatic enhancement is
the synergistic result of intracellular and extracellular
activities), and the hepatobiliary phase (usually scanned
20 min after Gd-EOB-DTPA injection: parenchymal sig-
nal is more intense than the hepatic vessels; contrast is
excreted via the biliary system).

In addition to being commonly used in the clinical
diagnosis and staging of HCC, CT scans and dynamic
contrast-enhanced scans of the liver are also used to
evaluate responses to the locoregional treatment of
HCC, especially observing the deposition of iodine oil
following transcatheter arterial chemoembolization
(TACE). Preoperative CT-based histology techniques
can also be used to predict the efficacy of the first
TACE treatment [19]. Postprocessing techniques for CT
may be used to perform three-dimensional (3D) vascular
reconstruction, measure liver volume and tumor volume,
evaluate metastasis to other organs such as the lung and
bone, and have been widely used in clinical practice.

The advantages of mpMRI of the liver are that it is
radiation-free and has a high tissue resolution. Moreover,
mpMRI is multidirectional and allows integrated imaging
techniques, such as multiparametric imaging that com-
bines morphologic images with functional images (in-
cluding diffusion-weighted imaging, etc.), making it a
preferred imaging technique for the clinical detection,
diagnosis, and staging of HCC and to evaluate responses.
mpMRI is more accurate for detecting and diagnosing
HCC ≤2.0 cm in size than dynamic contrast-enhanced
CT [20, 21] (evidence level 1, recommendation A).
mpMRI is superior to dynamic contrast-enhanced CT
to evaluate if HCC has invaded the portal vein and the
main trunk and branches of the hepatic vein and to
identify abdominal or retroperitoneal lymph node me-
tastasis. The modified response evaluation criteria in solid
tumor (mRECIST) in combination with T2-weighted
imaging and diffusion-weighted imaging are recommen-
ded to evaluate responses to locoregional treatment of
HCC using mpMRI scans.

Diagnosing HCC with imaging is primarily based on
the “wash-in and wash-out” enhancement pattern of
dynamic contrast-enhanced scans [22–24] (evidence level

1, recommendation A). On dynamic contrast-enhanced
CT and mpMRI scans, liver tumors exhibit significant
homogeneous or non-homogeneous enhancement in the
arterial phase (mainly in the late arterial phase: “wash
in”), with hypointensity in liver tumors compared with
the parenchyma during the portal venous and/or delayed
phase (“wash out”). Therefore, “wash in” refers to non-
circular enhancement, while “wash out” refers to the de-
enhancement of the peripheral rim.

Gd-EOB-DTPA-enhanced MRI shows significant en-
hancement of liver tumors in the arterial phase, with
hypointensity compared with the parenchyma during the
portal venous phase, and often significant hypointensity
in the hepatobiliary phase. When using Gd-EOB-DTPA,
the “wash-out” sign may only be observed in the portal
venous phase, and the “wash-out” signs in the transitional
and hepatobiliary phases may be used as auxiliary signs of
malignancy. Approximately 5–12% of well-differentiated
small HCCs (sHCCs) exhibit slight hyperintensity in the
hepatobiliary phase associated with contrast agent
uptake [25].

Diagnosing HCC using contrast-enhanced MRI, espe-
cially HCC ≤2.0 cm in diameter, requires confirmation
with other characteristic imaging findings (e.g., capsule-like
enhancement, moderate hyperintensity on T2-weighted
imaging, and diffusion restriction) and suprathreshold
growth (≥50% increase in the maximum diameter of the
lesion within 6 months) [26] (evidence level 3, recommen-
dation A). Capsule-like enhancement is defined as smooth,
homogeneous, well-defined borders that mostly or com-
pletely encircle the lesion, especially during the portal
venous, delayed, or transitional phases in which circum-
ferential enhancement is observed.

Gd-EOB-DTPA-enhanced MRI scans, including the
hypointensity in the hepatobiliary phase, enhancement in
the arterial phase, and diffusion restriction, may signifi-
cantly improve the diagnostic sensitivity for HCC
<1.0 cm in diameter [27–31] (evidence level 2, recom-
mendation B) and are highly recommended, especially for
patients with cirrhosis, as they also help identify precan-
cerous lesions such as high-grade dysplastic nodules
(HGDN) [32] (evidence level 3, recommendation B).

Fusion models based on mining CT and/or MRI data
for HCC may improve clinical decision-making, includ-
ing the selection of treatment regimens and evaluating
and predicting response [33]. Imaging signs to predict
microvascular invasion (MVI) preoperatively in HCC are
highly specific but relatively insensitive. Nomograms and
radiomic models are possible breakthrough points for the
preoperative prediction of MVI [34–36] (evidence level 3,
recommendation B).
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Digital Subtraction Angiography
Digital subtraction angiography (DSA) is a minimally

invasive procedure performed through selective or ultra-
selective cannulation of the hepatic artery. This technique
is most commonly used to deliver hepatic locoregional
therapy or to treat acute bleeding from tumor ruptures.
DSA not only visualizes liver tumor blood vessels and
liver tumor staining but also allows the number, size, and
blood supply of liver tumors to be visualized.

Nuclear Medicine Imaging
Positron emission tomography-CT (PET-CT) and

whole-body 18F-fluorodeoxyglucose (18F-FDG) PET/CT
have the following advantages: tumor staging – one
procedure enables the overall evaluation of the presence
of lymph node metastasis and distal organ metastasis [37,
38] (evidence level 1, recommendation A); restaging – the
PET/CT functional image can accurately visualize tumor
recurrence or metastases that occur following the changes
of anatomic structures or at sites with a complicated
anatomic structure, since it is not affected by anatomic
structures [39] (evidence level 2, recommendation B);
more sensitive and accurate evaluation of the efficacy of
targeted drugs that inhibit tumor activity [40, 41] (evi-
dence level 2, recommendation A); guiding biologic target
volume delineation for radiation therapy and determi-
nation of puncture biopsy sites [39]; and evaluation of the
extent of malignancy and prognosis [42–45] (evidence
level 2, recommendation B). PET-CT has limited sensi-
tivity and specificity to diagnose HCC and may be used as
an adjunct or supplement to other imaging examinations,
as it has advantages in the staging, restaging, and efficacy
evaluation of HCC. Carbon-11 acetate (11C-acetate) or
choline PET (11C-choline) provides improved sensitivity
for the diagnosis of well-differentiated HCC and is com-
plementary to 18F-FDG PET/CT [46, 47].

Single-photon emission computed tomography-CT
(SPECT-CT) has gradually become a mainstream device
for nuclear medicine single-photon imaging in place of
SPECT. The lesions detected by whole-body planar imag-
ing can be selected for regional SPECT-CT fusion imag-
ing, significantly improving the accuracy of diagnosis by
simultaneously obtaining the SPECT and diagnostic CT
images of the lesion site [48] (evidence level 3, recom-
mendation A). A single PET-MRI image provides both
anatomic and functional information about the disease
[49] (evidence level 4, recommendation B).

Hematological Molecular Markers for HCC
Serum AFP is a commonly used biomarker for the

diagnosis of HCC and for monitoring treatment response.

Serum AFP ≥400 μg/L is highly suggestive of HCC after
excluding pregnancy, chronic or active liver diseases, embry-
onal tumors of the gonads, and gastrointestinal tumors. For
patients with mildly increased serum AFP, imaging exami-
nations should be combined and dynamic monitoring
should be performed. Cross comparison with changes in
liver function should also be performed to facilitate diagnosis.

Abnormal prothrombin, protein induced by vitamin K
absence/antagonist-II (PIVKA II), des-gamma carboxy-
prothrombin (DCP), plasma microRNA (miRNA) [50],
and serum lens culinaris agglutinin-reactive fraction of
AFP (AFP-L3) may also be used as early diagnostic
biomarkers for HCC, especially for individuals with
negative serum AFP (evidence level 1, recommendation
A). The sensitivity and specificity of the GALAD model,
based on sex, age, AFP, PIVKA II, and AFP-L3, were
85.6% and 93.3%, respectively, for diagnosing early-stage
HCC, which facilitates the early diagnosis of AFP-
negative HCC [51] (evidence level 1, recommendation
A). Optimized GALAD-like models based on data from
large samples of the Chinese population have been used
for the early diagnosis of HCC. The sensitivity and
specificity of seven-miRNA-based detection kit for the
diagnosis of HCC was 86.1% and 76.8%, while those for
AFP-negative HCC was 77.7% and 84.5%, respectively
[50] (evidence level 1, recommendation A).

Liver Biopsy for HCC
Diagnostic liver biopsy is usually not necessary in

patients with space-occupying lesions that have typical
imaging characteristics and are evaluable using the clinical
criteria for the diagnosis of HCC [23, 52–54] (evidence
level 1, recommendation A), especially for patients with
HCCwho have surgical indications. Therefore, for patients
with resectable HCC or who are scheduled for liver trans-
plantation (LT), preoperative liver biopsy is not recom-
mended, in order to reduce the risk of tumor rupture,
hemorrhage, and dissemination. For space-occupying le-
sions without typical imaging characteristics, liver biopsy
can provide a definitive pathologic diagnosis. Liver biopsy
can also be used to determine the nature of the lesion and
the molecular classification of HCC and can provide
valuable information on the cause of liver disease to guide
treatment, determine prognosis, and conduct research.
Therefore, the need for liver lesion biopsy should be
assessed based on the patient benefit, potential risks,
and the operating experience of the physician.

Liver biopsy should be performed under the guidance of
US or CTwith a 16- or 18-gauge needle. Themajor risks of
liver biopsy are bleeding and needle tract implantation.
Platelet count and coagulation should be assessed
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preoperatively, and liver biopsy should be avoided in
patients with hemorrhagic tendencies. Normal liver tissues
should be passed by when selecting the puncture tract to
avoid direct puncture of nodules located on the surface of
the liver. The puncture site should be chosen within and
adjacent to the tumor where imaging shows tumor activity,
and the integrity of the retrieved material should be
observed visually to improve diagnostic accuracy.

Pathologic diagnosis using liver lesion biopsy is associ-
ated with a certain false-negative rate due tomultiple factors
including the size of lesion, especially for lesions with a
diameter ≤2 cm. Therefore, a negative result from liver
biopsy cannot exclude the possibility of HCC. Observation
and regular follow-up are required. Repeat liver biopsy and/
or close follow-up is recommended for patients with limited
biopsy specimens and negative pathological result but who
are clinically highly suspected of having HCC.

Summary
1. US combined with serum AFP testing is used for early

screening forHCC.Monitoring at least every 6months is
recommended for individuals in high-risk populations.

2. Dynamic contrast-enhanced CT and mpMRI scans
are the first-choice imaging methods for the diagnosis
of HCC in patients with abnormal US and/or serum
AFP levels during screening.

3. The characteristic “wash-in and wash-out” enhance-
ment pattern is the main basis for the imaging diag-
nosis of HCC.

4. The preferred imaging technique for the detection,
diagnosis, staging, and evaluation of treatment re-
sponse for HCC is mpMRI.

5. PET/CT facilitates HCC staging and the evaluation of
response to medical interventions.

6. Serum AFP is a commonly used and important bio-
marker for diagnosis of HCC andmonitoring treatment
response. In the serum AFP-negative population, PIV-
KA II and miRNA test kit, as well as AFP-L3 and
GALAD-like models, may be useful for the early diag-
nosis of HCC.

7. Liver biopsy for diagnostic purposes is usually not
necessary in patients with space-occupying lesions
that have typical imaging characteristics and those
who have a clinical diagnosis of HCC.

Pathologic Diagnosis of HCC

Pathologic Diagnostic Terminology in HCC
Primary liver cancer: malignant tumors originating

from hepatocytes and the epithelial cells of the

intrahepatic bile duct, mainly including HCC, ICC,
and cHCC-CCA. HCC is a malignant neoplasm occur-
ring in hepatocytes. The use of the pathologic diagnosis
terms “hepatocellular liver cancer” or “hepatocellular-
type liver cancer” is not recommended.

ICC is a malignancy of the epithelial cells covering
the intrahepatic bile duct branches; adenocarcinoma is
the most common form. ICC may be histologically
divided into two subtypes. The large intrahepatic ductal
type of ICC originates in the large bile ducts above the
bile canaliculus of the liver lobules and the adjacent
portal area, with large and irregular openings of the
glandular ducts. The small intrahepatic ductal type of
ICC originates from the small bile ducts or fine bile
ducts below the bile canaliculus of the liver lobules,
with small and regular openings of the glandular ducts,
or appearing as thin solid cords with closed lumen.
Studies have shown that the biologic behaviors and
genotypic characteristics of these two subtypes of ICC
are different, and the clinical prognosis of patients with
the small bile ductal type is better than that of those
with large ductal type.

The clinical and pathologic implications of the mo-
lecular typing of HCC and ICC are still being investigated
and demonstrated. However, studies in recent years have
shown that Epstein-Barr virus (EBV)-associated ICC has
unique characteristics in terms of clinical pathology,
immune microenvironment, and molecular features,
which are associated with a relatively good prognosis
and can obtain a particularly strong benefit from immune
checkpoint therapy. Because of these characteristics,
EBV-associated ICC is expected to become a novel sub-
type [55]. A high expression of triose-phosphate isomer-
ase 1 in ICC tissues is a useful indicator for assessing the
risk of postoperative recurrence [56]. The 2019 edition of
the World Health Organization (WHO) Classification of
Tumours of the Digestive System no longer recommends
the use of the terms “cholangiocellular” and “cholangio-
locellular carcinoma” for the pathologic diagnosis of ICC
[57]. The requirements for macroscopic sampling and
microscopic examination of ICC are mainly based
on HCC.

cHCC-CCA refers to the presence of both HCC and
ICC in the same tumor node [58]. However, there are no
international standards on the pathologic diagnostic
criteria for the ratio of HCC and ICC tumor components
in cHCC-CCA. Therefore, it is recommended that the
ratio of the two tumor components be labeled in the
pathologic diagnosis of cHCC-CCA for the clinical as-
sessment of the biologic characteristics of the tumor and
the formulation of treatment plans.
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Guidelines for the Pathologic Diagnosis of HCC
The guidelines for pathologic diagnosis of HCC in-

clude specimen handling, specimen sampling, histologic
examination, and the pathology report [58, 59].

Key Points for Specimen Processing
1. The surgeon should indicate the site, type, and num-

ber of submitted specimens on the pathology exami-
nation application form. The surgical margin and
important lesions may be stained with dyes or labeled
with sutures.

2. Where possible, the intact tumor specimen should be
delivered to the pathologist for dissection and fixation
within 30 min after removal. When collecting the
specimens, the staff at the tissue bank should operate
under the guidance of the pathology department to
ensure the accuracy of sampling to first meet the needs
of pathological diagnosis.

3. Tissue samples should be fixed in 4% neutral form-
aldehyde solution (10% neutral formalin solution) for
12–24 h.

Key Points for Specimen Retrieval
The area adjacent to HCC is the representative area for

the biologic features of tumor. To this end, the “7-point”
sampling method (Fig. 1) should be employed, that is,
specimens are collected in a ratio of 1:1 in the 12, 3, 6, and
9 o’clock positions along the boundary between neo-
plastic and adjacent non-neoplastic liver tissues. At least
one tissue sample should be collected from inside the

tumor. One sample should also be collected from the liver
tissues in the non-neoplastic adjacent regions both ≤1 cm
(proximal) and >1 cm (distal) from the tumor boundary.
For solitary tumors with a diameter ≤3 cm, the whole
tumor should be sampled for examination. In addition,
the actual site and number of specimens to be collected
must also be considered in light of the diameter and
number of tumors, etc. [60, 61] (evidence level 2,
recommendation A).

Key Points of Histologic Examination of HCC
1. Macroscopic description of specimens [62]: all surgi-

cal samples submitted should be thoroughly inspected,
and the following details should be specifically de-
scribed: size, number, color, and texture of tumors;
their relationship with blood vessels and bile ducts;
encapsulation status; lesions in the non-neoplastic
liver tissue; type of liver cirrhosis; distance between
tumor and incisal margin; and status of the incisal
margin.

2. Microscopic observations and descriptions [62]: all
specimens collected should be thoroughly observed,
and the pathologic diagnosis may be based on the
2019 WHO diagnostic criteria for HCC [58]. The
following information should be specifically described:
– The degree of differentiation of tumor cells may be

described according to the internationally used
Edmondson-Steiner grading system or the high,
moderate, and low classification recommended
by the WHO.

– The histological morphology of HCC is usually
divided into microtrabecular, macrotrabecular,
pseudoglandular, and compact types.

– Special subtypes of HCC include fibrolamellar, cir-
rhotic, clear cell, fatty change, macrotrabecular-
massive, chromophobe cell, neutrophil-rich,
lymphocyte-rich, and undifferentiated types.

– Degree and range of tumor necrosis, lymphocyte
infiltration, and stromal fibrosis.

– The growth pattern of HCC including perineo-
plastic infiltration, capsule invasion or break-
through, MVI, and the presence of satellite nodules.

– Evaluation of chronic liver diseases: HCC is often
accompanied by varying degrees of chronic viral
hepatitis or liver cirrhosis. The use of the Scheuer
scoring system, which is more convenient, or the
Chinese Criteria for Histologic Grading and Staging
of Chronic Viral Hepatitis is recommended [63–65].

3. Diagnosis of MVI: MVI refers to the presence of
clusters of cancer cells in the lumen of blood vessels
with endothelial cell linings under the microscope [66],

Fig. 1. Schematic diagram of the recommended baseline specimen
sampling protocol for liver tumors. A, B, C, and D indicators
denote the 12, 3, 6, and 9 o’clock positions, respectively, along the
boundary between cancer and adjacent non-neoplastic liver tissue;
E: tumor area; F: proximal non-neoplastic adjacent liver tissue; G:
distal non-neoplastic adjacent liver tissue.
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which is most commonly seen in the invasion of the
branches of the portal vein inHCC (including the intra-
capsular blood vessels). Invasion to the lymphatic
vessels is observed in ICC. The pathologic grading of
MVI includes M0: no MVI detected; M1 (low-risk
group): ≤5 MVIs, which occur in proximal non-
neoplastic adjacent liver tissues; and M2 (high-risk
group): >5 MVIs in the proximal or MVIs occurring
in distal non-neoplastic adjacent liver tissues [67]. MVI
and satellite lesions may be considered different devel-
opmental stages during the intrahepatic metastasis of
HCC. Satellite lesions in non-neoplastic adjacent liver
tissues should be included in the MVI grading in cases
where it is difficult to distinguish satellite lesions from
MVI. MVI has a great impact on the evaluation of
recurrence risk and on the selection of appropriate
treatment strategy and should therefore be used as an
indicator for routine histopathologic examination [58,
59, 68–70] (evidence level 2, recommendation A).

Immunohistochemical Examination
The main purposes of immunohistochemical examina-

tion for HCC are to differentiate between benign and
malignant HCC; between HCC, ICC, and other specific
types of liver tumors; and between primary and metastatic
HCC. Due to the high heterogeneity of histologic types of
HCC, there are deficiencies in the diagnostic specificity
and sensitivity of HCC cellular protein markers. Appro-
priate combinations of examinations and assessment are
often required; the concomitant use of biomarkers of other
systemic tumors may also be required.

HCC
A positive result for the following biomarkers on

hepatocytes may suggest tumors of hepatocyte origin,
but the results cannot be used to distinguish between
benign and malignant HCC:
• Arginase-1: hepatocyte plasma/nucleus staining.
• Hepatocyte antigen: hepatocyte plasma staining.
• Specific staining antibodies for bile canaliculus of the
hepatocyte membrane: stains for antibodies such as
CD10, polyclonal carcinoembryonic antigen, and bile
salt export pump proteinmay appear specifically on the
bile canaliculus of the hepatocyte membrane to help
confirm HCC.
The following biomarkers may assist in the differ-

entiation of benign and malignant HCC:
• Phosphatidylinositol-3: plasma and cell membrane
staining of HCC cells.

• CD34: although the immunohistochemical staining of
CD34 does not directly label liver parenchymal cells, it

can indicate microvascular density and distribution
patterns in different types of liver tumors. For example,
CD34 staining shows a diffuse pattern in HCC, a sparse
pattern in cholangiocarcinoma, a patchy pattern in
hepatocellular adenoma, and a strip pattern in hepatic
focal nodular hyperplasia, etc. The histologic pattern of
the tumor may be used to facilitate the differentiation
and diagnosis of benign and malignant HCC.

• Heat shock protein 70: staining of cell plasma or nuclei
of HCC.

• Glutamine synthetase: a strong cytoplasmic positivity
in a diffuse pattern is mostly observed for HCC. Some
hepatocellular adenomas, especially β-catenin-mutated
hepatocellular adenomas, may also exhibit diffuse pos-
itivity. Glutamine synthetase staining in HGDN often
exhibits moderate focal staining with a positive cell
count <50%. A characteristic irregular diagrammatic
staining is observed in hepatic focal nodular hyper-
plasia. In normal liver tissues, only hepatocytes around
the central vein are stained, and these features may help
in the differential diagnosis.

ICC
• Epithelial cell surface glycoprotein (MOC31): mem-
brane staining of cholangiocarcinoma cells.

• Cytokeratin 7 (CK7)/CK19: cytoplasmic staining of
cholangiocarcinoma cells.

• Mucin-1 (muc-1): membrane staining of
cholangiocarcinoma cells.

• Although positivity for the above biomarkers may
suggest a tumor originating from the biliary epithe-
lium, positive expressions may also be observed in the
non-neoplastic biliary epithelium, which should be
carefully differentiated.

cHCC-CCA
Both HCC and ICC components express the above-

mentioned biomarkers of the respective tumors. In addi-
tion, positive expression of biomarkers such as CD56,
CD117, and epithelial cell adhesion molecules (EpCAM)
may suggest that the tumor is characterized by stem cell
differentiation and is more aggressive.

Specimen Collection and Pathologic Evaluation of
Resected HCC Specimens after Conversion/
Neoadjuvant Therapy
The following procedures should be followed for han-

dling resected HCC specimens with the information
whether after conversion or neoadjuvant therapy. For
small HCC (≤3 cm), the whole tumor should be collected.
For tumors >3 cm, sections should be cut at 0.5–1 cm
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interval along the side with the longest diameter (the
original location of the tumor before treatment), and the
most representative section with necrosis and residual
tumor should be selected for sampling. The tumor bed
and surrounding liver tissue should be obtained for cross-
referencing. Macroscopic photography of the specimen
may also be obtained as reference for histologic
observations.

Microscopic assessment is to determine the propor-
tions of the three components of the tumor bed in the
resected specimen of HCC, i.e., necrotic tumor cells,
surviving tumor cells, and tumor stroma (fibrous tissue
and inflammation). The sum of these three areas of the
tumor bed is equal to 100%. The number of samples
obtained should be indicated in the pathology report. The
total percentage of residual tumor should be determined
by taking the mean value of the percentages of the three
components above in each section.

Assessment of pathologic complete response (pCR)
and major pathologic response (MPR) may serve as
important pathologic indicators to evaluate the efficacy
of preoperative treatment and inform the optimal timing
of surgery. pCR is defined as the absence of surviving
tumor cells after complete histologic assessment of the
tumor bed specimen after preoperative treatment. MPR is
defined as a reduction in surviving tumor cells after
preoperative treatment to below the threshold that can
affect the clinical prognosis. MPR is often defined in lung
cancer studies as a reduction of residual tumor cells in the
tumor bed to ≤10% [71], which is also consistent with
studies showing correlation between the degree of tumor
necrosis and prognosis after preoperative treatment with
TACE for HCC [72]. The specificMPR threshold requires
confirmation by further clinical studies. Expansion of the
area of tumor specimen collection is recommended for
those with a primary MPR, for further confirmation.

Reference can be made to other tumor types with more
relevant studies [73] for the histologic assessment meth-
ods to determine the degree of necrosis in HCC speci-
mens after immune checkpoint inhibitor therapy. An
understanding of the histologic characteristics of HCC
should be improved during clinical practice. Meanwhile,
attention should be paid to the presence of immune-
related liver injury in non-neoplastic peri-cancerous liver
tissue, including hepatocellular injury, intralobular hep-
atitis, and cholangitis.

Pathologic Diagnosis Report of HCC
A typical pathologic report should include a gross

description of specimens, microscopic descriptions, the
results of immunohistochemical staining examination,

and the final pathologic diagnosis, with notes and rec-
ommendations to physicians if necessary. In addition, the
results of molecular examination related to the clonal
origin of HCC, drug target testing, biologic behavior
evaluation, and prognosis assessments may be attached
for clinical reference.

Summary
1. Standardized handling and timely delivery of biopsy/

resected tissue samples are of great significance for
tissue preservation and correct pathologic diagnosis.

2. The “7-point” sampling method should be followed
when collecting HCC specimens to facilitate obtaining
a representative pathobiological indication of HCC.

3. The contents of pathologic diagnosis report for HCC
should be standardized and comprehensive. It should
include the pathologic classification of MVI, an im-
portant factor affecting the prognosis in HCC.

Clinical Diagnostic Criteria and Diagnostic Roadmap
for HCC

A clinical diagnosis of HCC should be established in
accordance with the steps shown in the following path-
way, taking into account high-risk factors for HCC,
imaging characteristics, and serological molecular
markers (Fig. 2).
1. Screening using US and serum AFP testing should be

performed at least every 6 months in patients with
HBV/HCV infection or liver cirrhosis of any cause.
For patients with nodules ≤2 cm in diameter, a clinical
diagnosis of HCC may be established by observing the
“wash-in and wash-out” enhancement pattern on
contrast-enhanced imaging (enhancement in the ar-
terial phase and reduced enhancement of intrahepatic
lesions compared with healthy liver parenchyma in the
portal venous and/or delayed phase). This pattern
should be observed on at least two of the four following
imaging examinations: mpMRI, dynamic contrast-
enhanced CT, contrast-enhanced US, and contrast-
enhanced MRI using the hepatocyte-specific contrast
agent Gd-EOB-DTPA. For intrahepatic nodules >2 cm
in diameter, a clinical diagnosis of HCC may be
established when the “wash-in and wash-out” enhance-
ment pattern is observed on any of these four imaging
examinations.

2. For patients with HBV/HCV infection or liver cir-
rhosis of any cause and intrahepatic nodules ≤2 cm in
diameter observed during follow-up, a diagnosis can
be established by liver puncture biopsy or 2- to 3-
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monthly imaging examinations in combination with
measuring serum AFP levels, if the typical enhance-
ment characteristics of HCC are noted in none or one
of the four imaging examinations mentioned previ-
ously. For patients with intrahepatic nodules >2 cm in
diameter, a diagnosis can be made by liver lesion
puncture biopsy or 2- to 3-monthly imaging exami-
nations in combination with serum AFP testing if the
typical enhancement characteristics of HCC are not
observed in any of the four imaging examinations
mentioned previously.

3. For patients with HBV/HCV infection or liver cir-
rhosis of all causes and increased serum AFP levels,
particularly continuously increased AFP, imaging ex-
aminations should be performed. A diagnosis of HCC
can be established if the typical enhancement charac-
teristics of HCC are noted in one of the four imaging
examinations above. Serum AFP levels should be
closely monitored, and 2- to 3-monthly imaging

examinations should be performed after the exclusion
of pregnancy, chronic or active liver disease, embry-
onic reproductive tumors, and gastrointestinal cancer,
if no intrahepatic nodules are identified.

Staging

The staging of HCC is crucial to assess prognosis and
select the appropriate treatment. International options for
staging include the Barcelona Clinic Liver Cancer (BCLC),
TNM, Japan Society of Heptatology (JSH), and the Asia
Pacific Association for the Study of the Liver (APASL)
staging systems. Based on the Chinese domestic context
and clinical practice, the China liver cancer (CNLC)
staging system considers the patient’s performance status
(PS), as well as the status of liver tumors and liver function.
The CNLC staging system is divided into stages Ia, Ib, IIa,
IIb, IIIa, IIIb, and IV, and presented in Figure 3.

Fig. 2. Pathway for the diagnosis of HCC. Typical presentation:
significant enhancement of the lesion in the arterial phase (late major
arterial phase), with decreased enhancement in the portal venous and/
or delayed phases, in a “wash-in, wash-out” pattern. Atypical pre-
sentation: lack of lesion enhancement in the arterial phase or no or
insignificant decrease in the enhancement during the portal venous
and delayed phases, or even a slight increase in enhancement, etc. US,

ultrasonography; MRI, multiparametric MRI; CT, dynamic contrast-
enhancedCT scan; CEUS, contrast-enhanced ultrasonography, which
uses ultrasound contrast to visualize the real-time blood perfusion in
normal and diseased tissues. EOB-MRI: MRI scan enhanced with
hepatocyte-specific contrast agent gadolinium ethoxybenzyl-
diethylenetriaminepentaacetic acid (Gd-EOB-DTPA). AFP (+): se-
rum AFP test exceeding normal value.
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• CNLC stage Ia: PS score 0–2, Child-Pugh class A/B, a
solitary tumor ≤5 cm in diameter, and absence of
vascular invasion or extrahepatic metastasis on imag-
ing examinations.

• CNLC stage Ib: PS score 0–2, Child-Pugh class A/B, a
solitary tumor >5 cm in diameter, or 2–3 tumors with a
maximum diameter ≤3 cm, and absence of vascular
invasion or extrahepatic metastasis on imaging
examinations.

• CNLC stage IIa: PS score 0–2, Child-Pugh class A/B,
2–3 tumors with a maximum diameter >3 cm, and
absence of vascular invasion or extrahepatic metastasis
on imaging examinations.

• CNLC stage IIb: PS score 0–2, Child-Pugh class A/B,
≥4 tumors irrespective of diameter, and absence of
vascular invasion or extrahepatic metastasis on imag-
ing examinations.

• CNLC stage IIIa: PS score 0–2, Child-Pugh class A/B,
presence of vascular invasion irrespective of tumor
status, but absence of extrahepatic metastasis on imag-
ing examinations.

• CNLC stage IIIb: PS score 0–2, Child-Pugh class A/B,
and the presence of extrahepatic metastasis on imaging
examinations irrespective of tumor status and vascular
invasion.

• CNLC stage IV: PS score 3–4 and Child-Pugh class C,
regardless of tumor status, vascular invasion, and ex-
trahepatic metastasis on imaging examinations.

Treatment

The treatment of HCC is characterized by multidisci-
plinary participation and the coexistence of multiple
therapeutic approaches, which include hepatectomy,
LT, ablation therapy, TACE, radiation therapy, and sys-
temic antitumor therapy. Treatment efficacy may be
maximized by choosing the appropriate treatment meth-
od for patients based on their stage of HCC. Treatment
selection should be supported by high-level evidence.
Currently, standardized combination therapy is consid-
ered the optimal long-term HCC treatment. However,
there is a contradiction between the current system, in
which diagnosis and treatment are performed by different
departments, and standardized combination therapy.
Therefore, emphasis must be placed on the multidiscipli-
nary team (MDT) in the diagnosis and treatment of HCC,
particularly for complicated cases. This will help avoid the
limitations of a single department in the treatment of
HCC, promote interdisciplinary communication, and
ultimately improve the overall outcomes of treatment.

It is recommended that MDT management focus on core
indicators of quality control for HCC treatment, as
proposed by the National Health Commission, while
also considering factors such as regional/local economic
status and differences in the quality of, and access to, care.

Surgical Treatment

Surgical treatment provides the best opportunity for
long-term survival in patients with HCC and mainly
comprises hepatectomy and LT.

Basic Principles for Hepatectomy
1. Thoroughness: complete removal of tumor tissue, en-

suring that the surgical margin is free of residual tumor.
2. Safety: preservation of a sufficient volume of func-

tional liver tissue (with good blood supply as well as
blood and bile outflow) to compensate for reduced
liver function and minimize surgical complications
and postoperative mortality.

Preoperative Evaluation of Patients’ General Condition
and Liver Function Reserve
Preoperative evaluation of patients’ general condition

and liver function reserve (LFR) is mandatory. The East-
ern Cooperative Oncology Group (ECOG) PS scale is
commonly used to evaluate a patient’s general condition.
The Child-Pugh Score, indocyanine green (ICG) clear-
ance test, or transient elastography is used to measure
liver stiffness [74–79] to evaluate LFR. Accurate evalua-
tion of the degree of portal hypertension is helpful to
screen patients suitable for surgical resection, as studies
have suggested that selected patients with HCC and
portal hypertension can still undergo hepatectomy,
with long-term postoperative survival superior to that
of those receiving other treatments [80–83]. If the pres-
ervation of a low volume of liver tissue is expected, it can
be determined by CT, MRI, or 3D reconstruction of the
liver to measure the remnant liver volume and calculate
what percentage of the standardized liver volume and the
remnant liver volume would be [75]. A Child-Pugh class
A and ICG retention test (ICG-R15) score <30% are
generally considered prerequisites for successful surgical
resection. The remnant liver volume that accounts for
>40% of the standardized liver volume (for patients with
chronic diseases, parenchymal liver damage, or liver
cirrhosis) or >30% (for patients without liver fibrosis
and liver cirrhosis) is another prerequisite for surgical
resection. A greater remnant liver volume should be
preserved in patients with hepatic impairment.
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Indications for Hepatectomy
1. The recommended treatment for patients with CNLC

stages Ia, Ib, and IIa HCC and enough LFR is surgical
resection. Previous studies have shown no significant
differences in the efficacy of surgical resection and
radiofrequency ablation (RFA) for HCC ≤3 cm in
diameter [84, 85] (evidence level 1, recommendation
B). However, in recent studies, surgical resection was
associated with a significantly lower local recurrence
rate than RFA and better long-term outcomes [86–90]
(evidence level 1, recommendation A). Even for re-
currentHCC, the prognosis following surgical resection
remains better than that following RFA in selected
patients [91] (evidence level 2, recommendation B).

2. For most patients with CNLC stage IIb HCC, surgical
resection is not recommended; instead, non-surgical
approaches such as TACE are recommended. How-
ever, when tumors are localized to the same liver
segment or the ipsilateral hemi-liver, intraoperative
RFA may be used to treat lesions outside the resected
area. Hepatectomymay be superior to other treatment

approaches, even for multiple tumors (>3) [92]; there-
fore, in these cases, surgical resection is also recom-
mended (evidence level 2, recommendation B). How-
ever, a thorough preoperative evaluation is recom-
mended in these cases.

3. For CNLC stage IIIa HCCs, surgical resection is not
recommended in most cases, with non-surgical treat-
ment approaches based on systemic antitumor treat-
ment preferred. Surgical resection may be considered
in patients with tumor thrombi in the branches of the
portal vein by removal of the tumor and embolectomy
through the portal vein, followed by postoperative
TACE, portal vein chemotherapy, or other systemic
treatments when the tumor is localized to the hemi-
liver or the ipsilateral hemi-liver (Cheng’s Classifica-
tion type I/II) [93]. Patients undergoing surgical re-
section of tumor thrombi in the main portal vein
(Cheng’s classification type III) have high short-
term postoperative recurrence rates and suboptimal
postoperative survival. Therefore, the presence of
tumor thrombi in the trunk of the portal vein is

Fig. 3. Clinical staging and treatment pathway for HCC in China. Systemic antitumor therapy includes first-line
and second-line therapy. First-line therapy: atezolizumab + bevacizumab, sintilimab + biosimilar of bevacizumab
(BYVASDA®); donafenib, lenvatinib, sorafenib; FOLFOX4. Second-line therapy: regorafenib, apatinib, camre-
lizumab, tislelizumab
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not an absolute indication for surgical resection [94]
(evidence level 3, recommendation B). Preoperative
3D conformal radiotherapy is associated with im-
proved postoperative survival in patients with resect-
able tumors and portal vein tumor thrombi [95]
(evidence level 2, recommendation B). Surgical resec-
tion may be considered in patients with tumor throm-
bi in the bile duct and resectable intrahepatic lesions
and in patients with partial hepatic vein invasion with
resectable intrahepatic lesions.

4. For patients with CNLC stage IIIb with metastasis to
the hilar lymph nodes, resection of the tumor com-
bined with hilar lymph node dissection or postoper-
ative external radiation therapy may be considered.
Surgical resection may also be considered for patients
whose surrounding organs are involved and can be
removed simultaneously. In addition, hepatic artery
and portal vein catheterization chemotherapy or other
intraoperative locoregional treatments, as well as non-
surgical treatment such as follow-up TACE therapy
and systemic antitumor therapy after recovery from
surgical trauma, may be considered for patients with
HCC that is determined unsuitable for resection dur-
ing surgical exploration.

Criteria for Curative Resection of HCC
Intraoperative criteria: (1) no macroscopic tumor

thrombi noted in the hepatic vein, portal vein, bile
duct, and inferior vena cava; (2) no adjacent organ
involvement, portal lymph node, or distal metastases;
(3) a distance between the surgical margin and tumor
boundary ≥1 cm; or if the surgical margin is <1 cm,
histologic examination of the cross section of the resected
liver is free of residual tumor cells, i.e., negative surgical
margin.

Postoperative criteria: (1) US, CT, and MRI (at least
two of the three are mandatory) performed 1–2 months
after surgery to confirm the absence of tumor lesions; (2)
quantitative AFP or DCP, etc. testing should be per-
formed postoperatively at 2 months to ensure that the
readings are within normal range (it should be noted that
the time to normalization of serum tumor markers is >
2 months in isolated patients), if the serum tumor
markers such as serum AFP, or DCP levels, etc. were
elevated preoperatively. The rate of decrease in serum
AFP levels can be used as an early predictor of the
thoroughness of surgical resection [96].

Hepatectomy Techniques
Commonly used techniques include hepatic inflow and

outflow control techniques, liver transection techniques,

and hemostatic techniques. Preoperative 3D visualization
technology allows individualized liver volume calculation
and virtual liver resection, which help plan a more
accurate range and path of resection, protecting the ducts
of the liver remnant and preserving enough liver volume
[97–99] (evidence level 2, recommendation A).

In recent years, there have been rapid developments in
laparoscopic liver surgery. Laparoscopic hepatectomy has
the advantages of being less invasive and being associated
with more rapid postoperative recovery [100], with on-
cologic outcomes in some patients comparable to those
undergoing open hepatectomy [101] (evidence level 3,
recommendation B). Although the indications and con-
traindications for laparoscopic hepatectomy are consis-
tent with laparotomy in principle, it is still recommended
to carry out comprehensive evaluation and caution ac-
cording to the tumor size, tumor site, tumor number,
combined liver basic diseases, and the technical level of
the surgical team. In cases of giant HCC, multiple HCCs,
HCC located in difficult sites or in the central region
adjacent to important ducts, and HCC combined with
severe cirrhosis, it is recommended that the procedure be
undertaken by an experienced surgeon after rigorous
selection. The use of laparoscopic US combined with
ICG fluorescence tumor imaging may help detect micro-
scopic lesions, and mark the extent of resection required
to obtain negative tumor margins [102].

Both anatomic and nonanatomic resections are com-
monly used techniques, and both require adequate sur-
gical margins for good oncologic outcomes. In patients
with HCC with MVI, anatomic resection is associated
with lower local recurrence rates than nonanatomic
resection, despite no difference in the overall survival
(OS) [103, 104] (evidence level 3, recommendation B).
Studies have shown that hepatectomy with wide surgical
margins (≥1 cm) is associated with better outcomes than
hepatectomy with narrow surgical margins [105, 106]
(evidence level 2, recommendation A), especially in pa-
tients with preoperatively judged MVI [107]. For large
liver tumors, an anterior approach hepatectomy without
dissecting perihepatic ligaments may be adopted [108].
For multiple liver tumors, surgical removal in combina-
tion with intraoperative locoregional ablation may be
performed [109] (evidence level 3, recommendation
C). For patients with portal vein tumor thrombi, the
portal venous flow of the unaffected side should be
temporarily interrupted during portal vein embolectomy
to avoid disseminating the tumor thrombi [110]. For
patients with tumor thrombi in the hepatic vein or
vena cava, complete hepatic blood flow occlusion can
be performed to remove the tumor thrombus as much as
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possible [111]. For patients with HCC and tumor thrombi
in the bile duct, resection of the involved bile ducts plus
resection of HCC would maximize the chance of curative
resection [80, 112, 113] (evidence level 3, recommenda-
tion C). For HCC with severe cirrhosis, deep tumor
location, and multiple nodes as noted upon surgical
exploration, intraoperative ablation alone may be con-
sidered to reduce the surgical risks.

A Multimodality Treatment Based on Surgery
Despite suboptimal OS after surgery in patients with

moderately advanced HCC (CNLC stages IIb, IIIa, and
IIIb), surgical resection can benefit some patients in the
absence of other effective treatment approaches, based on
data from previous study [80] (evidence level 4, recom-
mendation C). Advances in systemic therapy and multi-
modality therapy have made it possible to provide more
possibilities for radical resection, reduce postoperative
recurrence, and improve prognosis in patients with in-
termediate-to-advanced HCC [114] (evidence level 4,
recommendation B). Therefore, it is necessary to recon-
sider the strategy of upfront surgical resection in patients
with intermediate-to-advanced HCC. Exploring new
strategies for the surgery-based integrated management
of intermediate and advanced HCC has become a key
focus in recent years.

Conversion Therapy for Potentially Resectable HCC
Conversion therapy refers to the conversion of initially

unresectable HCC into resectable HCC and is one of the
pathways to radical resection and long-term survival in
patients with intermediate-to-advanced HCC [115]. For
potentially resectable HCC, a multimodal and intensive
antitumor treatment strategy is recommended to pro-
mote conversion [114, 116–119], while also balancing the
safety of treatment and patients’ quality of life [115].

Conversion Therapy for Tumors
Systemic therapy alone or in combination is one of the

main modalities of conversion therapy for intermediate-
to-advanced HCC [114] (evidence level 4, recommenda-
tion B). The depth, speed, and duration of HCC remission,
as well as organ-specific remission are important factors
influencing subsequent treatment decisions. The impact of
different drug combinations on liver tissues and the safety
of subsequent surgery requires further exploration.

Locoregional therapies create potential opportunities
for surgical resection in patients with initially unresect-
able HCC, which can be translated into survival benefits,
including TACE [120] (evidence level 3, recommendation
B) and hepatic arterial infusion chemotherapy (HAIC)

[121] (evidence level 4 evidence, recommendation C).
The conversion rate may be improved further with
radiation therapy combined with hepatic artery infusion
chemotherapy (HAIC) [122] or HAIC combined with
TACE [123]. Systemic antitumor therapy combined with
locoregional treatment is expected to result in higher
tumor remission rates and higher rates of conversion and
resection [124] (evidence level 4, recommendation B).

Conversion Therapy for Deficiencies of Remnant
Liver Volume
Portal vein embolization (PVE) should be applied to

the hemi-liver in which the tumor is located for com-
pensatory hypertrophy of the remaining liver before
resection [125]. The success rate of PVE is 60–80%,
with a complication rate of approximately 10–20%.
The time to remnant liver hyperplasia after PVE is
relatively long (usually 4–6 weeks), and more than
20% of patients miss the opportunity for surgery due
to tumor progression or insufficient liver remnant hyper-
trophy (evidence level 3, recommendation B).

Associating liver partition and portal vein ligation for
staged hepatectomy (ALPPS) is suitable for patients
whose remnant liver volume is expected to be
<30–40% of the standardized liver volume. In recent
years, several ALPPS modifications have emerged, which
mainly focused on the partitioning operations of the
hepatic section in stage I surgery (RFA, microwaves,
and tourniquets can be used for partitions) and on ALPPS
using a minimally invasive laparoscopic approach [126,
127]. Preoperative evaluation is critical and should in-
corporate the degree of liver cirrhosis, the patient’s age,
and their ability to tolerate two surgeries within a short
period of time [128]. ALPPS improves the resection rate
of HCC over a short period of time and has a better ability
to rapidly induce hyperplasia of the remnant liver com-
pared with PVE [129] (evidence level 2, recommendation
A). Due to the short interval between the two procedures,
the risk of tumor progression is minimized, resulting in a
tumor resection rate of 95–100%. A study showed that
ALPPS produces better outcomes than TACE for the
treatment of large or multiple HCC [130] (evidence level
3, recommendation B). The potential benefits of ALPPS
must be balanced against the trauma caused by under-
going two surgeries within a short period of time; further,
the possibility of the second-stage surgery failing should
be considered. Extra care should be taken in the selection
of appropriate candidates for ALPPS, and the procedure
should be performed by an experienced surgeon. In
addition, ALPPS should be performed with extra caution
in elderly patients with HCC.
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Neoadjuvant Therapy
Neoadjuvant therapy refers to treatment to shrink a

tumor before primary treatment (typically surgery).
Common neoadjuvant therapies include systemic anti-
tumor therapy, interventional therapy, and radiation
therapy, with the goal of shrinking the tumor, reducing
postoperative recurrence, and prolonging postoperative
survival. Neoadjuvant therapy may be used to convert
resectable intermediate or advanced HCC (CNLC stages
IIb and IIIa) with poor oncologic features into HCC with
favorable oncologic features, thereby reducing postoper-
ative recurrence and prolonging survival. Preoperative
3D conformal radiotherapy may improve outcomes in
patients with resectable HCC combined with portal vein
tumor thrombi [95] (evidence level 2, recommendation
B). However, preoperative TACE cannot prolong survival
in patients with surgically resectable HCC [131, 132]
(evidence level 2, recommendation A). Strategies such
as immunotherapy alone or as part of combination
therapy, including with targeted drugs, may be used
for the preoperative or perioperative treatment of surgi-
cally resectable HCC and are expected to further improve
surgical outcomes [133] (evidence level 2, recommenda-
tion B). In early-stage HCC (CNLC stages Ia, Ib, or IIa),
the ability of preoperative treatment to improve patient
survival and reduce recurrence requires confirmation in
clinical studies.

Adjunctive Therapy
The 5-year recurrence rate after surgical resection of

HCC is as high as 40–70%, and recurrence is often
associated with preexisting minimal disseminated lesions
or multicentric origin. Therefore, all patients should be
closely followed up postoperatively. In patients at high
risk of recurrence, two randomized, controlled studies
confirmed the effectiveness of postoperative TACE ther-
apy to reduce recurrence and prolong survival [134, 135]
(evidence level 1, recommendation A). The results of
another randomized, controlled study showed that treat-
ment with Huaier granules after hepatectomy reduced
recurrence and prolonged patient survival [136] (evi-
dence level 1, recommendation A). In patients with
HCC and HBV infection, antiviral therapy with nucleo-
side analogs can not only control underlying liver diseases
but also help reduce the postoperative recurrence rate
[137–139] (evidence level 1, recommendation A). In
patients with HCC and HCV infection, direct-acting
antiviral agents (DAAs) can elicit a sustained virologic
response. However, there are currently no conclusive data
to suggest an association between treatment with DAAs
and an increased or decreased risk of tumor recurrence

after HCC surgery, differences in the timing of recur-
rence, or the aggressiveness of recurrent HCC [140]
(evidence level 3, recommendation C). In addition, the
concurrent use of portal vein catheterization chemother-
apy and TACE after surgery may also prolong survival in
patients with portal vein tumor thrombosis [141] (evi-
dence level 2, recommendation A). Although interferon-α
reduced recurrences and prolonged survival in some
randomized clinical studies [142–144] (evidence level
1, recommendation B), the use of interferon-α remains
controversial [145]. An association between miR-26a
expression in HCC and the efficacy of interferon-α treat-
ment has been reported [146]; however, further multi-
center, randomized, controlled studies are warranted to
confirm this result. There have been ongoing explorations
on the postoperative treatment strategies with immuno-
therapy, targeted drugs [147], and HAIC alone or in
combination. In the event of recurrence, repeated resec-
tion, procedures such as ablation therapy, interventional
therapy, radiation therapy, or systemic antitumor therapy
may be used to prolong survival based on the character-
istics of the recurrent disease.

Summary
1. Hepatectomy is an important means of achieving

long-term survival in patients with HCC.
2. The aim of hepatectomy is to completely remove the

tumor and preserve sufficient volumes of functional
liver tissue. Thus, the perfect preoperative evaluation
of liver reserve function and oncology evaluation are
of great importance.

3. Child-Pugh class A and ICG-R15 <30% are generally
accepted as prerequisites for surgical resection. A
remnant liver volume accounting for >40% of the
standardized liver volume (for patients with chronic
liver diseases, parenchymal liver damage, or liver
cirrhosis) or >30% (for patients without liver fibrosis
and cirrhosis) is another prerequisite for surgical
resection. Patients with hepatic impairment require
preservation of greater liver volumes. Preoperative
evaluation methods also include measurement of liver
stiffness and the degree of portal hypertension.

4. The treatment of first choice for patients with CNLC
stages Ia, Ib, and IIa HCC and good LFR is surgical
resection. Surgical resection is not recommended for
patients with CNLC stage IIb or stage IIIa HCC.
However, some patients may still benefit from surgical
resection after careful multidisciplinary assessment.

5. Hepatic inflow (hepatic artery and portal vein) and
outflow (hepatic vein) control techniques are fre-
quently used during hepatectomy. Preoperative 3D
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visualization technology improves the accuracy of
hepatectomy. Laparoscopic techniques can reduce
surgical trauma. However, in cases of large HCCs,
multiple HCCs, HCC located in difficult sites or in the
central region adjacent to important ducts, and HCC
combined with severe cirrhosis, it is recommended
that the procedure is performed by an experienced
physician after rigorous selection.

6. For potentially resectable HCC, a multimodal, high-
intensity treatment strategy is recommended to facil-
itate its conversion. For patients with small remnant
liver volumes, ALPPS or PVE is recommended for
compensatory remnant liver hypertrophy to improve
the possibility of resection.

7. The primary goal of postoperative adjuvant therapy
for HCC is to reduce recurrence. Postoperative TACE
for patients at high risk of recurrence is associated with
reduced recurrence and prolonged survival. Postop-
erative oral administration of Huaier granules also
reduces the risk of recurrence and prolongs survival.
In addition, the postoperative use of nucleoside ana-
logs for anti-HBV treatment or interferon-α can also
reduce risk of recurrence and prolong survival.

8. Perioperative strategies of systemic antitumor therapy
and locoregional monotherapy or combination thera-
pies are currently being explored.

Liver Transplantation

Indications for LT for HCC
LT is one of the radical treatments for HCC and is

particularly suitable for patients with small HCC and
hepatic decompensation who are unsuitable for surgical
resection and ablative therapy. Following the appropriate
indications for LT for HCC is key to improving its
efficacy, ensuring the equitable and appropriate use of
valuable donor liver resources and balancing the differ-
ences in prognosis for patients with or without tumors
[148] (evidence level 3, recommendation A).

The Milan criteria and the University of California San
Francisco (UCSF) criteria are commonly used in the
international community to assess the suitability of pa-
tients with HCC for LT. No uniform criteria have been
established in China, although a number of criteria have
been proposed by multiple entities and scholars, includ-
ing the Shanghai Fudan criteria [149], Hangzhou criteria
[150], West China criteria [151], and the Sanya consensus
[152]. Similar factors across the criteria include the
absence of macrovascular involvement, lymph node me-
tastasis, and extrahepatic metastasis; the criteria diverge

in the classification by the size and number of tumors.
These domestic criteria expand the indication for LT for
HCC to enable a greater number of patients with HCC to
benefit from LT without significantly reducing the overall
postoperative survival and tumor-free survival. However,
multicenter collaborative studies are still required to
support their use and to obtain higher quality evidence.
The expert group recommends the UCSF criteria,
namely, the diameter of a solitary tumor ≤6.5 cm, ≤3
tumors with a maximum tumor diameter ≤4.5 cm and the
sum of tumor diameters ≤8.0 cm, with no macrovascular
involvement. The basic principles and core policies of
human organ allocation and sharing in China include
instructions for LT for HCC, which stipulated that liver
cancer recipients can apply for a special case score for
early HCC, and that they can obtain a MELD score of 22
(liver transplant candidate ≥12 years of age on the waiting
list), and the special case score can be renewed every 3
months.

Patients with HCC who meet the criteria for LT may
receive bridging treatment to control tumor progression
while waiting for a donor liver, to prevent them from
losing the opportunity for LT. However, there is limited
evidence on whether the probability of recurrence is
reduced after bridging treatment [153, 154] (evidence
level 2, recommendation C). HCC patients whose tumor
load exceeds the criteria for LT may meet the criteria by
reducing the tumor load with down-staging therapy.
Palliative therapies commonly used to treat HCC may
be used for bridging or down-staging therapy, including
TACE, yttrium-90 radioembolization, ablative therapy,
stereotactic body radiation therapy (SBRT), and systemic
antitumor therapy. The prognosis of patients with HCC
post-LT after successful down-staging therapy is better
than that of those who do not undergo LT [155, 156]
(evidence level 2, recommendation B).

The development of surgical techniques has led to an
expansion of available donor livers. The indications of
living donor LT for HCC can be further expanded [157,
158] (evidence level 4, recommendation C).

Prevention and Treatment of
Posttransplant Recurrence
Tumor recurrence is the major concern after LT for

HCC [159]. Risk factors include tumor stage, tumor
vascular invasion, preoperative serum AFP level, and
the dosing regimen of immunosuppressive therapy.
The early withdrawal or absence of postoperative
hormone-containing regimens [160] and dose reduction
of calcineurin inhibitors in the early posttransplant peri-
od are associated with lower rates of tumor recurrence
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[161] (evidence level 3, recommendation A). The use of
immunosuppressive therapy with mammalian target of
rapamycin (mTOR) inhibitors, such as rapamycin and
everolimus, after LT is also associated with reduced tumor
recurrence and improved survival rates [162–166] (evi-
dence level 2, recommendation A).

Following tumor recurrence or metastasis after LT,
which occurs within 2 years after LT in 75% of cases, the
disease typically progresses rapidly, with a median sur-
vival of 7–16 months [167]. Patient survival may be
prolonged by a combination of modification of immu-
nosuppressive regimens, reoperation, TACE, ablation
therapy, radiotherapy, and systemic treatment, based
on multidisciplinary diagnosis and treatment [168,
169] (evidence level 3, recommendation B). Caution is
required for the use of immune checkpoint inhibitors
preoperatively or post-transplantation for HCC [170,
171] (evidence level 4, recommendation C).

Summary
1. LT is a radical treatment approach for HCC and is

particularly suitable for patients with small HCC who
have decreased liver function and are not suitable for
surgical resection and ablation therapy.

2. It is recommended that the UCSF criteria are followed
as the Chinese criteria for the indication of LT
for HCC.

3. The early withdrawal or absence of hormone-
containing regimens, dose reduction of calcineurin
inhibitors in the early posttransplant period, and
use of immunosuppressive therapy with mTOR in-
hibitors such as rapamycin and everolimus after LT
are associated with reduced tumor recurrence and
improved survival.

4. Following tumor recurrence and metastasis post-LT,
the disease usually progresses rapidly. Combination
therapy on the basis of multidisciplinary diagnosis and
treatment is associated with prolonged survival.

Ablation Therapy

Although surgery is the recommended aggressive
treatment for HCC, some patients cannot tolerate surgery
due to cirrhosis or other comorbidities. Ablation therapy
with a small impact on liver function is associated with
similar efficacy to surgical resection in some patients with
early-stage HCC.

Ablation therapy for HCC is guided by medical imag-
ing technology and targets tumor lesions, directly and
locally killing tumor tissues by physical or chemical

methods. Local ablation mainly includes (RFA), micro-
wave ablation (MWA), percutaneous ethanol injection
(PEI), cryoablation (CRA), high-intensity focused ultra-
sound ablation (HIFU), laser ablation, and irreversible
electroporation (IRE). Local ablation is often performed
under the guidance of US, which is easy to use, provides
real-time results, and is highly efficient. CT and MRI may
be used for the observation and to guide ablation therapy
for lesions that are invisible on conventional US. CT or
MRI guidance may also be used in the ablation of
metastases in the lungs, adrenal glands, and bones.

Ablation can be performed using percutaneous, lapa-
roscopic, laparotomic, or endoscopic approaches. Most
HCC lesions can be ablated percutaneously, which is cost-
effective, easy to perform, and minimally invasive. High
risks are usually associated with ablation for sub-capsular
HCC, particularly in lesions protruding beyond the liver
capsule. For HCC located at sites that are difficult to
visualize using imaging technology or at sites considered
high risk for percutaneous ablation (close to the heart,
diaphragm, gastrointestinal tract, or gallbladder), abla-
tion by laparoscopic, laparotomic, or water isolation
approaches may be considered.

Ablation is indicated for patients with CNLC stage Ia
HCC and some patients with stage Ib HCC (i.e., solitary
tumor ≤5 cm in diameter; or 2–3 tumors ≤3 cm in
diameter). Curative outcomes may be obtained in pa-
tients with no invasion of blood vessel, bile ducts, or
adjacent organs, or distal metastasis, and with Child-
Pugh grade A/B [84, 89, 172–175] (evidence level 1,
recommendation A). Treatment can be combined with
TACE for patients with inoperable solitary tumors or
multiple tumors with a diameter 3–7 cm, with outcomes
better than those associated with ablation monotherapy
[176–179] (evidence level 1, recommendation B).

Commonly Used Ablation Approaches
RFA is a commonly used, minimally invasive ablation

method for HCC that is easy to use with good control
over the ablation range, requires only a short hospital
stays, and has proven efficacy. RFA is particularly suitable
for older patients and patients with comorbid diseases,
severe cirrhosis, tumors located in deep positions in the
liver, or central HCC. For patients with resectable early-
stage HCC, RFA is associated with similar or slightly
lower tumor-free survival and OS than surgical resection,
with a lower incidence of complications and shorter
hospital stay [84, 85, 89, 172–175] (evidence level 1,
recommendation A). For solitary HCC (particularly cen-
tral solitary HCC) ≤2 cm in diameter, RFA has similar or
superior efficacy to surgical resection [180, 181] (evidence
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level 3, recommendation A). RFA permits the ablation of
an entire tumor while maintaining a sufficient safety
margin and minimizing damage to normal liver tissues.
Prerequisites for RFA are the accurate assessment of the
range of tumor infiltration and the identification of
satellite lesions before the procedure; therefore, the im-
portance of accurate imaging examinations prior to treat-
ment is emphasized. Contrast-enhanced US allows for
accurate determination of the size and shape of a tumor,
the range of tumor infiltration to be determined, and
micro and satellite lesions to be detected, providing
reliable data on which to base ablation protocols to
inactivate tumors during US-guided ablation.

MWA, another commonly used thermal ablation
method in recent years, is not statistically different
from RFA in terms of local efficacy, complication rates,
and long-term survival [182–184] (evidence level 1, rec-
ommendation B). MWA is characterized by high effi-
ciency, short ablation duration, and a reduced heat-sink
effect compared with RFA. Establishing a temperature
monitoring system helps regulate parameters such as
power, determine the range of the effective thermal field,
and increase the safety of the MWA procedure. The
selection of MWA or RFA should be based on the size
and position of tumors [185].

PEI has proven efficacy against tumors ≤2 cm in
diameter, with similar long-term efficacy to RFA despite
having a higher local recurrence rate than RFA for tumors
>2 cm in diameter [186] (evidence level 2, recommen-
dation B). The advantage of PEI is its safety, making it
particularly suitable for tumors in high-risk locations
such near the hepatic hilar region, gallbladder, and
gastrointestinal tract. However, repeated PEI procedures
with multipoint punctures are required for intra-tumor
diffusion of the drug.

Basic Technical Requirements
The physician must be adequately trained and have

sufficient clinical experience to consider the advantages
and disadvantages of the various ablation techniques and
which is suitable for which patient. A thorough evaluation
of the patient’s general PS, liver function, and coagulation
functions, as well as the evaluation of the size, position,
and number of tumors, and the relationship to adjacent
organs, should be performed prior to ablation. An ap-
propriate puncture tract and ablation plan should be
determined, and a postoperative care plan should be
formulated to cover at least 5 mm of perineoplastic liver
tissue to ensure a sufficient margin.

An appropriate imaging guidance (e.g., US or CT) and
ablation technique (RFA, MWA, or PEI) should be

selected based on the size and position of the tumor.
Multimodal image fusion guidance may be applied when
available.

Caution should be exercised in the ablation of HCC
adjacent to the hepatic hilar region or near the first- and
second-order bile ducts to avoid complications such as
damage to the bile ducts. In this case, PEI alone or RFA/
MWA combined with PEI is safe. If thermal ablation is
applied, at least 5 mm should be allowed between the
tumor and the first- and second-order hepatic ducts, and
low power, short duration, intermittent radiation should
be used. The use of temperature monitoring methods is
recommended for ablation equipment where available.
For lesions >5 cm in diameter, TACE combined with
ablation is recommended, which provides better out-
comes than ablation alone.

The range of ablation should cover at least 5 mm of
perineoplastic liver tissue to ensure a safety margin for
complete ablation. For ill-defined and irregularly infil-
trating tumors, we recommend that the range of ablation
be extended as appropriate, if adjacent liver tissues and
structures permit.

Treatment Recommendations for Tumors 3–5 cm
in Size
Several randomized, controlled trials and retrospective

analyses support surgical resection as a recommended
treatment [90, 172, 174] (evidence level 1, recommenda-
tion A). In real-world clinical practice, initial treatment
should be selected after a thorough consideration of the
patient’s general PS, liver function, the size, number, and
position of tumors, as well as the skill and experience of
the physician. Surgical resection is the first choice if the
patient can tolerate hepatectomy or the tumors are
located in a superficial area, the peripheral liver, or
high-risk sites unsuitable for ablation. Ablation therapy,
or surgical resection in combination with ablation ther-
apy, is the recommended choices for patients with 2–3
tumors located in different areas or for deeply located or
central tumors.

Assessment and Follow-Up after Ablation Therapy
for HCC
Dynamic contrast-enhanced CT, mpMRI, or contrast-

enhanced US is recommended for assessing the local
response to ablation approximately 1 month postoper-
atively. Dynamic changes in serum tumor biomarkers
should also bemonitored. The response to ablation can be
categorized as follows [187]:
1. Complete ablation: follow-up imaging with dynamic

contrast-enhanced CT, mpMRI, or contrast-enhanced
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US shows no enhancement in the ablated area of the
tumor in the arterial phase, which indicates complete
necrosis of the tumor.

2. Incomplete ablation: follow-up imaging with dynamic
contrast-enhanced CT, mpMRI, or contrast-enhanced
US shows local enhancement in the ablated region of
the tumor in the arterial phase, which is suggestive of
residual tumor tissue. Repeat ablation is suggested for
patients with residual tumors after treatment. Abla-
tion therapy should be abandoned and substituted
with other treatments if the presence of residual
tumors is confirmed after two consecutive ablation
sessions. Periodic follow-ups are required after com-
plete ablation. Generally, serum tumor marker testing
and imaging examination with dynamic contrast-
enhanced CT, mpMRI, or contrast-enhanced US
should be performed every 2–3 months to screen
for possible local recurrence and new intrahepatic
lesions. Ablation therapy may be used to control
tumor progression, with the advantages of minimal
invasiveness, safety, and ease of repeated use.

Combination of Ablation Therapy and
Systemic Therapy
Combination of ablation therapy and systemic therapy

is being clinically investigated. Studies have shown that
ablation therapy enhances the release of tumor-associated
antigens and neoantigens, enhances HCC-associated
antigen-specific T-cell responses, and activates or enhan-
ces the body’s antitumor immune responses [188–190].
Therefore, the combination of ablation therapy and
immunotherapy may produce synergistic antitumor ef-
fects [188, 191, 192]. Several relevant clinical studies are
currently underway to investigate these effects.

Summary
1. Ablation therapy is suitable for patients with CNLC

stage Ia and some patients with stage Ib HCC
(i.e., solitary tumors with a diameter of ≤5 cm or
2–3 tumors with maximum diameter ≤3 cm) to obtain
a curative outcome. TACE combined with ablation
may be used for inoperable solitary or multiple tumors
with a diameter of 3–7 cm.

2. For tumors with a diameter ≤3 cm, the tumor-free and
OS rates of ablation therapy are similar to, or slightly
lower than, those of surgical resection, but the com-
plication rate and length of hospital stay are lower
compared with surgical resection. For a single HCC
lesion ≤2 cm in diameter, the efficacy of ablation
therapy is similar to that of surgical resection, espe-
cially for central HCC.

3. No significant differences in local efficacy, incidence of
complications, or long-term survival have been re-
ported between MWA and RFA; selection should be
based on the size and position of tumors.

4. PEI has similar long-term efficacy to RFA for tumors
with a diameter ≤2 cm. The advantage of PEI is its
safety and, in particular, PEI is suitable for tumors in
high-risk locations such as lesions near the hepatic
hilar region, gallbladder, and gastrointestinal tracts.
However, multiple and multipoint punctures are re-
quired for the intra-tumoral diffusion of the drug.

5. Regular follow-up with dynamic contrast-enhanced
CT, mpMRI scan, US, and serum tumor markers after
ablation therapy should be performed to evaluate
ablation outcomes.

Transarterial Chemoembolization

TACE is a commonly used non-surgical treatment for
HCC [193–198].

Basic Principles for TACE
1. The procedure should be performed under the guid-

ance of a DSA system.
2. The clinical indications must be well understood and

strictly followed.
3. Super-selective catheterization of the branches of

tumor-feeding arteries must be ensured.
4. The patient’s liver function must be properly reserved.
5. The procedure must be performed in a standardized

and personalized manner.
6. Switching to or combining with other treatments such

as surgery, local ablation, systemic treatment and
radiation therapy should be considered if the tumor
continues to progress after 3–4 sessions of TACE.

Indications for TACE
1. Patients with CNLC stage Ia, Ib, and IIa HCC who are

indicated for surgical resection or ablation therapy but
are unable or unwilling to receive these procedures for
non-surgical reasons such as old age, inadequate liver
function reserve, or high-risk tumor sites.

2. Patients with CNLC stage IIb and IIIa HCC, and a
proportion of patients with stage IIIb disease, with
Child-Pugh grade A or B and a PS score of 0–2.

3. Patients with incomplete obstruction of the main
portal vein, or formation of abundant compensatory
collateral branches of the portal vein or recanalized
portal vein by portal vein stenting despite complete
obstruction.
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4. Patients with portal hypertension-related bleeding as a
result of hepatic artery-portal venous shunt.

5. Patients with high risk of recurrence (including multi-
ple tumors, combined visual or microscopic tumor
thrombosis, palliative surgery, failure of postoperative
AFP, and other tumor markers to decline to normal
range) may be treated with adjuvant TACE after
surgical resection to reduce recurrence and prolong
survival.

6. Preoperative TACE treatment for initially unresect-
able HCC to achieve conversion to create opportuni-
ties for surgical resection and ablation.

7. Bridging treatment during the waiting period for LT.
8. Patients with spontaneous rupture of HCC.

Contraindications for TACE
1. Severe liver dysfunction (Child-Pugh grade C), in-

cluding jaundice, hepatic encephalopathy, refractory
ascites, or hepatorenal syndrome.

2. Serious coagulation dysfunction that cannot be
corrected.

3. Complete obstruction of the main portal vein by
tumor thrombi, with few collateral branches formed.

4. The presence of active hepatitis or serious infection
that cannot be simultaneously treated.

5. Distal extensive metastasis with an expected survival
<3 months.

6. Patients with cachexia or multiple organ failure.
7. Tumor burden >70% of total liver volume (fractio-

nated embolization with small amounts of lipiodol
emulsion and granular embolic agents may be con-
sidered in the case of basically normal liver function).

8. Significant reduction in peripheral white blood cell
(WBC) and platelet counts, with a WBC level <3.0 ×
109/L and a platelet level <50 × 109/L (Note: not
absolutely contraindicated, e.g., chemotherapy-
induced myelosuppression should be excluded in
patients with hypersplenism).

9. Renal insufficiency (blood creatinine [Cr] >2 mg/dL
or blood Cr clearance rate <30 mL/min).

Operating Procedures for TACE
1. Standardized arteriography: Hepatic arteriography is

commonly performed using the Seldinger technique
with percutaneous puncture and cannulation from
femoral access (or radial access). DSA of the celiac
or common hepatic artery should be performed to
acquire images in the arterial, parenchymal, and ve-
nous phase. Angiography of arteries such as the
superior mesenteric artery, left gastric artery, sub-
phrenic artery, right renal artery (right adrenal artery),

or internal thoracic artery should be performed to
identify hepatic arteries of ectopic origin or collateral
feeding vessels from extrahepatic arteries to confirm
the collateral blood supply of the tumor. The angio-
graphic manifestations should be carefully analyzed to
determine the site, size, number, and feeding arteries
of tumors [199, 200].

2. There are three techniques categorized by the type of
hepatic arterial chemotherapy and embolization.
– Transarterial infusion (TAI) or HAIC (see Appen-

dix 6 for specific applications): chemotherapy drugs
are infused through a tumor-feeding artery, includ-
ing continuous perfusion chemotherapy with an
indwelling catheter. Commonly used chemother-
apy drugs for this technique are anthracyclines,
platinum, and fluorouracil. The concentration
and duration of the perfused drugs should be
decided according to the pharmacokinetic charac-
teristics of the chemotherapeutic drugs [201].

– Transarterial embolization (TAE): the feeding ar-
teries of a liver tumor are embolized with granular
embolic agents alone.

– TACE: a lipiodol emulsion-containing chemother-
apy drugs, drug-eluting microspheres, or supple-
ment embolic agents (gelatin sponge particles,
blank microspheres, and polyvinyl alcohol particles
[PVA]) is infused through the tumor-feeding ar-
tery. Embolization should be performed by embol-
izing all the feeding vessels of the tumor to de-
vascularize the tumor as much as possible. Embolic
agents may be categorized as conventional TACE
(cTACE) and drug-eluting bead-TACE (DEB-
TACE; also known as drug-eluting microsphere
TACE). cTACE refers to the use of lipiodol
emulsion-containing chemotherapy drugs as the
main method of embolization with gelatin sponge
particles, blank microspheres, or PVA. First, a
fraction of the chemotherapy drug is infused over
a period of ≥20 min, followed by embolization with
the emulsion mixture consisting of the remaining
fraction of the chemotherapy drugs and lipiodol.
Ultra-liquefied lipiodol and chemotherapeutic
drugs should be fully emulsified. The dose of lip-
iodol is usually 5–20 mL and should not exceed 30
mL. The treatment stopping boundary is defined by
the formation of dense lipiodol deposition in the
tumor region and the presence of small portal vein
branch shadows around the tumor under fluoro-
scopic monitoring. Granular embolic agents are
used after embolization with lipiodol emulsion.
The embolization of normal liver tissues as a result

22 Liver Cancer
DOI: 10.1159/000530495

Zhou et al.

https://doi.org/10.1159/000530495


of agent reflux or the entry of the agents into non-
target organs should be avoided. DEB-TACE refers
to the embolization with mainly drug-eluting mi-
crosphere loaded with chemotherapeutic drugs
such as positively charged doxorubicin. The size
of drug-eluting microspheres ranges from 70 to
150 µm, 100–300 µm, 300–500 µm, or
500–700 µm. Different size microspheres should
be selected according to the tumor size, blood
supply, and the therapeutic purpose, with
100–300 µm and 300–500 µm being most com-
monly used. Drug-eluting microspheres can emb-
olize the blood supplying arteries to HCC lesions,
resulting in ischemia and necrosis of the tumor.
Meanwhile, as a carrier of chemotherapy drugs,
DEB-TACE has the advantages of uninterrupted
and stable drug release to maintain a high locore-
gional plasma concentration around the tumor. The
recommended DEB-TACE push rate is 1 mL/min.
Attention should be paid to the redistribution of
microspheres after embolization to fully embolize
the distal tumor-feeding arteries as much as pos-
sible, while preserving the proximal blood supply
branches of the tumor and reducing damage to
normal liver tissue as a result of microsphere
regurgitation [202].

3. Precision TACE: precision TACE is advocated to
reduce the differences in the efficacy of TACE due
to the heterogeneity of tumors. Precision TACE in-
cludes (i) super-selective microcatheterization to the
branch of the tumor-feeding artery for embolization
[199, 202, 203]; (ii) the use of cone-beam CT to assist
the precise catherization of the target vessel and
monitoring of the efficacy after embolization during
the TACE procedure is recommended [204]; (iii)
appropriate application of embolization materials,
including iodized oil, microspheres, and drug-
eluting microspheres [205]; and (iv) different embo-
lization endpoints should be used according to the
patient’s tumor status, liver function, and therapeutic
objectives.

Common Adverse Effects of TACE
Post-embolization syndrome is the most common

adverse reaction associated with TACE, which mainly
manifests as fever, pain, nausea, and vomiting. The cause
of fever and pain is the ischemia and necrosis of local
tissues as a result of hepatic artery embolization, while
nausea and vomiting are mainly side effects of chemo-
therapy. In addition, other common adverse reactions
may occur, including puncture site bleeding, WBC count

reduction, transient liver function abnormalities, renal
impairment, and dysuria. Adverse reactions usually last
5–7 days, and most patients can fully recover after
receiving treatment to manage these symptoms.

Other common complications include acute hepatic
and renal impairment, gastrointestinal bleeding, chole-
cystitis, and perforation of the gallbladder, liver abscesses,
biloma, and ectopic embolization of embolic agents in-
cluding pulmonary and cerebral lipiodol embolism, per-
foration of the gastrointestinal tract, spinal cord injury,
and diaphragm injury.

Evaluation of Response to TACE
The local response of HCC to TACE should be eval-

uated in accordance with mRECIST and the European
Association for the Study of the Liver (EASL) evaluation
criteria. The preferred long-term efficacy parameter is OS,
and short-term efficacy parameters are objective response
rate (ORR) and time to progression (TTP).

Factors That Affect Long-Term Efficacy of TACE
Degree of liver cirrhosis and liver function status;

serum AFP level; tumor load and clinical staging; integ-
rity of the tumor capsule; presence of tumor thrombi in
the portal vein/hepatic vein and vena cava inferior; tumor
blood supply; pathologic subtype; physical status of the
patient’s PS; serum HBV-DNA level in patients with
underlying chronic HBV infection; whether combining
ablation, molecular targeted therapy, immunotherapy,
radiation therapy, and surgical procedures [193].

Follow-Up and Treatment during the Interval between
TACE Sessions
Assessment by contrast-enhanced CT and/or mpMRI,

tumor markers, liver and renal function tests, and routine
blood tests are usually recommended 4–6 weeks after the
first session of TACE. Repeated sessions of TACE may be
postponed if the imaging examination shows thick lip-
iodol deposition in the liver tumor, necrosis of tumor
tissues, with the absence of tumor enhancement and new
lesions. The need and frequency of subsequent TACE
should be determined based on follow-up results, which
mainly include the response to previous sessions of treat-
ment, liver function, and changes in the patient’s general
condition. Follow-ups may be performed every
1–3 months although less frequent follow-ups are also
permissible. The response of the liver tumor should be
evaluated by dynamic contrast-enhanced CT and/or MRI
to determine the need for repeated TACE. However, 3–4
sessions of TACE are often required to treat large/huge
liver tumors. TACE in combination with other treatments
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is recommended for tumor control, improved quality of
life, and extended survival.

Main Points regarding TACE
1. Precision TACE is recommended: precision TACE

refers to super-selective catheterization using a micro-
catheter to the tumor-feeding arteries and the accurate
infusion of lipiodol emulsion and granular embolic
agents for improved efficacy and protection of liver
function.

2. There is no significant difference in overall efficacy
between DEB-TACE and cTACE, but DEB-TACE is
more advantageous in terms of objective tumor re-
sponse for large HCC [205] (evidence level 1,
recommendation B).

3. Emphasis should be placed on the combination of
multiple locoregional treatments, as well as locore-
gional treatment in combination with systemic anti-
tumor therapy [193]:
– TACE combined with ablation therapy: to improve

the efficacy of TACE, an appropriate combination
of TACE therapy with ablation therapy is recom-
mended, including RFA, MWA, or cryotherapy
[206, 207] (evidence level 2, recommendation B).
There are currently two approaches for the combi-
nation of TACE with thermal ablation therapy. (a)
Sequential ablation: TACE followed by local abla-
tion therapy, separated by an interval of 1–4 weeks.
(b) Concurrent ablation: local ablation therapy is
performed during TACE, which results in signifi-
cantly improved clinical efficacy and reduced hep-
atic impairment [206].

– TACE combined with external radiation therapy
[208, 209] (evidence level 2, recommendation B):
mainly used to treat tumor thrombosis in the main
trunk of the portal vein, tumor thrombosis in the
inferior vena cava, and selected large HCC lesions
after interventional therapy.

– TACE combined with second-stage surgical resec-
tion: surgical resection is recommended for large or
huge HCC which converts to resectable disease
after TACE and becomes suitable for second-
stage surgery [120, 123] (evidence level 3,
recommendation A).

– TACE in combination with other antitumor thera-
pies: includes combination with molecular targeted
therapies, immunotherapy, systemic antitumor
therapy, and radioimmune-targeted agents.

– TACE combined with antiviral therapy: antiviral
therapy should be actively performed in combina-
tion with TACE in HCC patients with a history of

HBV/HCV infection [210, 211] (evidence level 3,
recommendation A).

4. Tumor thrombi in the main portal vein may be
managed by portal vein stenting and Iodine-125
seed strips or Iodine-125 seed portal vein stenting
on top of TACE [212] (evidence level 2, recommen-
dation B). The tumor thrombi in the first-order
branches of the portal vein may be treated with
Iodine-125 seed strips or Iodine-125 seed implanta-
tion via direct puncture [213, 214] (evidence level 4,
recommendation C).

5. Prophylactic TACE in patients at high risk of post-
operative recurrence [134, 135] (evidence level 1,
recommendation A): prophylactic TACEmay prolong
the OS and tumor-free survival in patients with multi-
ple tumors, combined visual or microscopic tumor
thrombi, and tumors >5 cm in diameter.

Summary
1. TACE is a commonly used non-surgical treatment for

HCC, mainly for patients with CNLC stages IIb and
IIIa HCC and selected patients with CNLC stage
IIIb HCC.

2. Precision TACE is advocated to reduce the differences
in TACE outcomes as a result of heterogeneity of
tumors.

3. TACE (including cTACE and DEB-TACE) must be
administered based on standardized regimens, while
taking into account the principle of
individualization.

4. The combination of TACE with ablative therapy,
radiotherapy, surgery, molecular targeted drugs, im-
munotherapy, and antiviral therapy should be advo-
cated to further improve the efficacy of TACE.

5. HCCs with tumor thrombi in the main trunk and first-
order branches of the portal vein may be treated with
portal vein stenting in combination with Iodine-125
seed implantation or Iodine-125 seed implantation
alone via direct puncture.

Radiation Therapy

Radiation therapy (abbreviated as radiotherapy) is
categorized into external radiotherapy and internal radio-
therapy. External radiotherapy is delivered from outside
the body by aiming beams (photons or particle beam
radiation) from the radiotherapy device to the tumor.
Internal radiotherapy is delivered through the implanta-
tion of radionuclides into the tumor through body tracts
or needle tracts.
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External Radiotherapy
Indications for External Radiotherapy

1. CNLC stage Ia HCC patients and a proportion of
patients with CNLC stage Ib HCC. Stereotactic body
radiation therapy (SBRT) may be considered an alter-
native treatment if surgical resection or local ablation
therapy are not clinically indicated or if patients refuse
invasive treatment [215–221] (evidence level 2,
recommendation B).

2. For patients with CNLC stage IIa and IIb HCC,
TACE in combination with external radiotherapy
may be appropriate as there is evidence that TACE
in combination with external radiotherapy is asso-
ciated with an improved local control rate, prolonged
survival, and better efficacy than monotherapy with
TACE or sorafenib or TACE in combination with
sorafenib [208, 216, 222–226] (evidence level 2,
recommendation B).

3. In patients with CNLC stage IIIa HCC, preoperative
neoadjuvant radiotherapy or postoperative adjuvant
radiotherapy for resectable HCC with tumor throm-
bosis in the portal vein may prolong survival [95, 227]
(evidence level 2, recommendation B); for patients
with unresectable HCC, palliative radiotherapy or a
combination of radiotherapy and TACE may be per-
formed to extend patient survival [208, 225, 226]
(evidence level 2, recommendation B).

4. Patients with CNLC stage IIIb HCC: for a proportion
of patients with oligometastasis, SBRT may be per-
formed to prolong survival. External radiotherapy
may also be used to reduce pain, obstruction, or
bleeding caused by lymph node, lung, bone, brain,
or adrenal metastasis [209, 228, 229] (evidence level 3,
recommendation A).

5. Some patients with initially unresectable HCC will
become able to undergo surgical resection after tumor
shrinkage or down-staging as a result of radiotherapy
[209, 218] (evidence level 2, recommendation B).
External radiotherapy may also be used as a bridging
treatment while waiting for LT [230]. For HCC pa-
tients with postoperative pathology suggestive of MVI
and a narrow surgical margin (≤1 cm from the tumor),
postoperative adjuvant radiotherapy can reduce the
risk of local recurrence or distant metastasis and
extend progression-free survival (PFS) [231, 232]
(evidence level 3, recommendation C).

Contraindications to External Radiotherapy
External radiotherapy is not recommended for HCC

patients with diffusely distributed intrahepatic lesions or
CNLC stage IV HCC.

Principles and Key Points for External Radiotherapy
The key principle of performing external radiotherapy

for HCC is to comprehensively consider the tumor
radiation dose, the dose tolerated by peripheral normal
tissues, and the radiotherapy techniques used. Key points
for performing external radiotherapy for HCC include
the following
1. During preparation of the radiotherapy plan, intra-

hepatic lesions should be defined by contrast-
enhanced CT and, if necessary, a wider range of
radiographic images such as MRI should be consulted.
The regenerative ability of normal liver tissues should
also be considered. During radiotherapy, a proportion
of normal liver tissue should be preserved without
being irradiated to allow for proliferation.

2. The irradiation dose is closely related to survival time
and local control rate and is predominantly dependent
on the tolerable dose for peripheral normal tissues
[122, 233]. Favorable outcomes for radiotherapy may
be obtained at a recommended irradiation dose for
HCC of ≥45–60 Gy in 3–10 fractions (Fx) for stereo-
tactic radiosurgery [234], with a bioequivalent dose
(BED) of radiotherapy of approximately ≥80 Gy
(10 Gy is taken as the α/β ratio). The recommended
dose is 50–75 Gy for conventional fractionation radio-
therapy and 3 Gy × 6 Fx for neoadjuvant radiotherapy
for tumor thrombi in the portal vein [95].

3. The radiation tolerance of non-tumor liver tissues is
associated with factors including the radiotherapy
segmentation method, Child-Pugh classification, nor-
mal liver (liver tumor) volume, blood stasis of the
gastrointestinal tract, and coagulation function.
Where image-guided radiation therapy (IGRT) is
possible, hypofractionated radiotherapy may be ap-
plied for some intrahepatic lesions, tumor thrombi or
extrahepatic metastases in the lymph nodes, lung, and
bone to increase the single dose, and shorten the
radiation treatment duration, with unaffected or
even improved efficacy [235–237]. For non-SBRT,
hypofractionated external radiotherapy, which can
be calculated using models, with the α/β ratio for
hepatocytes being 8 Gy in patients with HBV infection
and the α/β ratio for tumor cells being 10–15 Gy,
which may be used as references for dose conversion
[122, 209, 238].

4. Radiotherapy techniques for HCC: use of three-
dimensional conformal or intensity-modulated radio-
therapy, IGRT, or SBRT is recommended. IGRT is
superior to non-IGRT techniques [233]. Helical tomo-
graphic radiotherapy is suitable for HCC patients with
multiple lesions. Respiratory motion is the main cause
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of liver tumor motion and deformation during radio-
therapy. Multiple techniques may be adopted to reduce
the impact of respiratory motion including respiratory
gating techniques, real-time tracking, respiration con-
trol, and internal target volume determination techni-
ques based on abdominal compression in combination
with 4D CT [239].

5. In radiotherapy, the therapeutic response should be
evaluated 3–6 months after the treatment. Dynamic
contrast enhanced CT/MR examinations are often
used to evaluate the post-radiotherapy tumor response
for HCC. The general imaging features of post-
radiotherapy include slow tumoral shrinkage and
development of radiation-induced damage in peritu-
moral liver tissues.

6. Currently, no high-level clinical evidence is available
to support the superiority of proton radiotherapy
compared with photon radiotherapy in terms of sur-
vival rate in patients with HCC [216].

Major Complications of External Radiotherapy
Radiation-induced liver diseases (RILDs) are the key

dose-limiting complications of external radiotherapy for
HCC and can be divided into typical and atypical RILDs.
Typical RILDs present as increased alkaline phosphatase
(AKP) >2 times the upper limit of normal (ULN),
jaundice-free ascites, and hepatomegaly. Atypical RILDs
present as AKP >2 times the ULN, ALT >5 times the ULN
or the pretreatment level, and a reduction of ≥2 points in
Child-Pugh Score but with the absence of hepatomegaly
and ascites. A diagnosis of RILD must exclude clinical
symptoms and liver dysfunction caused by progression of
liver tumors, virus activation or drug toxicities [209].

Proton Beam Radiotherapy (PBT) and Internal
Radiation Therapy
PBT has similar efficacy for postoperative recurrent

and residual HCC lesions (≤2 lesions each <3 cm in size)
to that of RFA [240] (evidence level 2, recommendation C).

Internal radiation therapy is a method of locally
treating HCC and includes Y-90 microsphere treatment,
iodine-131 monoclonal antibodies, radioactive lipiodol,
and iodine-125 seed implantation [47, 228, 229]. Sequen-
tial iodine-131-metuximab treatment following RFA for
HCC is associated with a reduced rate of local recurrence
after RFA treatment and improved patient survival [241]
(evidence level 2, recommendation C). Particle implan-
tation techniques include interstitial implantation, portal
vein implantation, inferior vena cava implantation, and
bile duct implantation. Strontium chloride (89SrCl2)
emits β rays and can be used for the targeted treatment

of bone metastasis from HCC [242] (evidence level 3,
recommendation C).

Summary
1. For patients with CNLC stage IIIa HCC combined

with resectable portal tumor thrombi, preoperative
neoadjuvant radiotherapy or postoperative adjuvant
radiotherapy may be performed to prolong survival.
For patients with unresectable HCC, palliative radio-
therapy, or a combination of radiotherapy and TACE,
etc., may be adopted to prolong patient survival.

2. In selected patients with CNLC stage IIIb HCC and
oligometastasis, SBRT may prolong survival and ex-
ternal radiotherapy may be used to reduce pain,
obstruction, or bleeding caused by the lymph node,
lung, bone, brain, or adrenal metastasis.

3. Some patients will be able to undergo surgical resec-
tion after radiotherapy.

4. The general recommended radiation dose is
≥45–60 Gy in 3–10 Fx for stereotactic body radiation
therapy, and 50–75 Gy for conventional fractionation
radiotherapy. The irradiation dose is closely related to
the survival of patients. Hypofractionated radiother-
apy may be adopted to treat some intrahepatic lesions
and extrahepatic metastases with increased single dose
and shortened radiation treatment duration.

5. The tolerated radiation dose of peripheral normal liver
tissue must account for the radiotherapy segmentation
method used, Child-Pugh classification, normal liver
(liver tumor) volume, blood stasis of the gastrointes-
tinal tract, and coagulation function.

6. IGRT is superior to three-dimensional conformal or
intensity-modulated radiotherapy. SBRT must be per-
formed under the guidance of IGRT.

7. Internal radiotherapy is a method for the local treat-
ment of HCC and tumorous thrombi.

Systemic Therapy

Systemic therapy mainly refers to antitumor therapy
including molecular targeted drug therapy, immunother-
apy, chemotherapy, and traditional Chinese herbal med-
icine. In addition, it also includes treatments for diseases
underlying HCC, such as antiviral therapy, for the pro-
tection of the liver and bile production, as well as support-
ive symptomatic therapy.

Systemic antitumor therapy plays an important role in
the treatment of intermediate and advanced HCC and
may control disease progression and prolong patient
survival. Potential candidates for systemic antitumor
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therapy mainly include those with: (i) CNLC stages IIIa
and IIIb HCC; (ii) CNLC stage IIb HCC who are not
suitable for surgical resection or TACE therapy; (iii)
resistance to TACE therapy or who have failed TACE
therapy.

First-Line Systemic Therapies
Combination of Atezolizumab and Bevacizumab
This combination therapy is approved for patients

with unresectable HCC who have not received prior
systemic therapy (evidence level 1, recommendation
A). The results of the IMBrave150 global multicenter
phase III trial [243, 244] showed that the median OS and
PFS were significantly longer in the atezolizumab and
bevacizumab combination group compared with the
sorafenib group, with a 34% lower risk of death and a
35% lower risk of disease progression. A significant
clinical benefit in the combination therapy group was
also observed in a Chinese patient subgroup, with a 47%
lower risk of death and a 40% lower risk of disease
progression compared with sorafenib. In addition, the
combination therapy delayed patient-reported median
time to deterioration of quality of life. Common adverse
effects included hypertension, proteinuria, abnormal liver
function, hypothyroidism, diarrhea, and decreased
appetite.

Combination of Sintilimab and Biosimilar of
Bevacizumab (BYVASDA®)
The combination is approved in China as a first-line

treatment for patients with unresectable or metastatic
HCC without prior systemic antitumor therapy (evidence
level 1, recommendation A). The results of the domestic
multicenter phase III study ORIENT-32 [245] showed
that sintilimab in combination with a biosimilar of
bevacizumab (Bevagen®) had significantly better efficacy
than sorafenib, with a 43% decreased risk of death and a
44% decreased risk of disease progression. The combi-
nation regimen also had a better safety profile, with the
most common adverse effects being proteinuria, throm-
bocytopenia, elevated glutamate transaminase, hyperten-
sion, and hypothyroidism.

Donafinib
Donafinib is approved in China to treat patients with

unresectable HCC who have not previously received
systemic antitumor therapy (evidence level 1, recommen-
dation A). Compared with sorafenib, donafenib signifi-
cantly prolonged median OS in patients with advanced
HCC, with a 17% reduction in the risk of death. Median
PFS was similar in the donafenib and sorafenib groups,

but donafenib had better safety and tolerability profiles
[246]. The most common adverse reactions were hand-
foot skin reactions, elevated glutathione transaminase,
elevated total bilirubin, decreased platelets, and diarrhea.

Lenvatinib
Lenvatinib is indicated for patients with unresectable

HCC with Child-Pugh grade A liver function (evidence
level 1, recommendation A). The phase 3, multinational,
randomized, non-inferiority REFLECT trial [247]
showed that the median OS for lenvatinib was non-
inferior to that of sorafenib (hazard ratio [HR]: 0.92,
95% confidence interval [CI]: 0.79–1.06). Median PFS
was significantly better in the lenvatinib group than in the
sorafenib group, with a reduced risk of disease progres-
sion. Common adverse effects included hypertension,
proteinuria, diarrhea, loss of appetite, fatigue, and
hand-foot syndrome.

Sorafenib
Sorafenib was the first molecularly targeted drug ap-

proved for the treatment of HCC. Numerous clinical
studies have shown that sorafenib provides good survival
benefits in patients with advanced HCC among patients
from a variety of countries and regions and with different
underlying liver diseases [248, 249] (evidence level 1,
recommendation A). Sorafenib can be used in patients
with Child-Pugh grade A and B liver function. Sorafenib
provides a more significant survival benefit in patients
with Child-Pugh grade A compared with patients with
Child-Pugh grade B liver function [250]. Efficacy assess-
ment and monitoring for toxicity should be performed
regularly during sorafenib treatment. Common adverse
events include diarrhea, hand-foot syndrome, rash, hy-
pertension, poor appetite, and fatigue, all of which gen-
erally occur within 2–6 weeks after the start of treatment.
Blood pressure should be closely monitored during treat-
ment, while liver and kidney function, HBV-DNA, blood
count, coagulation function, and urine protein should be
tested regularly. The risk of myocardial ischemia should
be taken into account during treatment, and the required
monitoring and related tests should be performed, espe-
cially in elderly patients.

Systemic Chemotherapy
In China, the FOLFOX4 regimen has been approved

for the treatment of locally advanced and metastatic
HCCs unsuitable for surgical resection or locoregional
treatment [251, 252] (evidence level 1, recommendation
A). In addition, arsenic trioxide has been shown to have a
palliative effect on advanced HCC [253] (evidence level 3,
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recommendation C). However, hepatorenal toxicity
should be monitored and prevented during clinical use.

Advances in Other First-Line Treatments
Immune checkpoint inhibitor therapy is widely ap-

plied in the treatment of various solid tumors, but the
efficacy of single agent immune checkpoint inhibitor
treatment is low. Several clinical studies have now
demonstrated that anti-angiogenic therapy may im-
prove the tumor microenvironment and enhance the
antitumor sensitivity to programmed death-1/ligand-1
(PD-1/PD-L1) inhibitors. Synergistic antitumor effects
have been observed for the combination of anti-
angiogenic therapy and immunotherapy. Two success-
ful phase III studies (IMBrave150 and 0RIENT-32)
have shown successful outcomes with the first-line
treatment of advanced HCC using immune checkpoint
inhibitors in combination with large molecule anti-
angiogenic agents (bevacizumab or bevacizumab biosimi-
lar). Several clinical studies on small-molecule anti-
angiogenic agents are underway. These studies include
but are not limited to: phase III clinical study of camre-
lizumab in combination with apatinib (SHR-1210-III-
310), phase III clinical study of lenvatinib in combination
with pembrolizumab (LEAP 002), phase Ib clinical study of
lenvatinib in combination with nivolumab (Study 117),
phase III clinical study of CS1003 (PD-1 monoclonal
antibody) in combination with lenvatinib (CS1003-305),
and the phase III clinical study of toripalimab in combi-
nation with lenvatinib. In addition, clinical studies of
immune checkpoint inhibitors in combination with other
drugs are also underway, such as the phase III clinical study
of camrelizumab in combination with oxaliplatin-based
systemic chemotherapy, the phase III clinical study of
durvalumab in combination with tremelimumab (HIMA-
LAYA), and the phase III clinical study of sintilimab in
combination with IBI310 (anti-CTLA-4 monoclonal
antibody).

Second-Line Antitumor Treatment
Regorafenib
Regorafenib has been approved for the treatment of

HCC patients who have been previously treated with
sorafenib (evidence level 1, recommendation A). The
international multicenter phase III study of regorafenib
after treatment with sorafenib in patients with HCC
(RESORCE) evaluated the efficacy and safety of regor-
afenib in HCC patients who had disease progression after
sorafenib treatment. The results showed [254] that pa-
tients in the regorafenib group had a significant 37%
decrease in the risk of death compared with the placebo

control group and a 54% reduction in the risk of disease
progression. Common adverse reactions include hyper-
tension, hands and feet skin reactions, malaise, and
diarrhea. The adverse effects are similar to those of
sorafenib and regorafenib is therefore not suitable for
patients who are intolerant to sorafenib.

Apatinib
Apatinib mesylate is a novel small-molecule targeted

drug developed independently in China and has been
approved for use as monotherapy in patients with ad-
vanced HCC who have failed or are intolerant to at least
one first-line systemic antitumor therapy (evidence level
1, recommendation A). Results from a phase III clinical
study of apatinib as a second-line treatment for advanced
HCC in China [255] showed that compared with placebo,
apatinib significantly prolonged the median OS of pa-
tients with advanced HCC receiving second-line or high-
er treatment, with a 21.5% reduction in the risk of death
and a 52.9% reduction in the risk of disease progression.
Common adverse reactions include hypertension, pro-
teinuria, leukopenia, and thrombocytopenia. Patients
should be closely followed up for adverse reactions during
the course of apatinib treatment, and necessary dose
adjustments should be made according to patient
tolerance.

Camrelizumab
Camrelizumab has been approved for the treatment of

patients with advanced HCC who have previously re-
ceived treatment with sorafenib and/or oxaliplatin-
containing systemic chemotherapy (evidence level 3,
recommendation B). Results from a phase II clinical
study of camrelizumab in Chinese patients with HCC
who had previously received systemic antitumor therapy
[256] showed an ORR of 14.7%, a 6-month OS rate of
74.4%, and a 12-month OS rate of 55.9%. Common
adverse reactions include reactive capillary hyperplasia,
elevated glutathione/glutathione transaminase, hypothyr-
oidism, and malaise. Several clinical studies have shown
that the incidence of reactive capillary hyperplasia was
significantly reduced with the combination of camreli-
zumab and lapatinib [257, 258].

Tislelizumab
Tislelizumab has been approved for the treatment of

patients with HCC who have received at least one
systemic antitumor therapy (evidence level 3, recom-
mendation B). A global, multicenter phase II study
evaluating the efficacy and safety of tislelizumab in
patients with unresectable HCC who have previously
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received at least one systemic therapy (RATIONALE
208) [259] reported a median PFS of 2.7 months and a
median OS of 13.2 months, with a median OS of
13.8 months and 12.4 months, respectively, for patients
who had received first-line treatment and second-line
treatment or above. The ORR for the total population
was 13.3%, with an ORR of 13.8% for patients who had
received first-line systemic therapy and 12.6% for pa-
tients who had received second-line therapy or above.
The safety profile was favorable, with the main adverse
effects comprising elevated glutamic transaminase, ele-
vated glutamic aminotransferase, weakness, and hypo-
thyroidism. Currently, an international multicenter
phase III study of tislelizumab compared to sorafenib
as first-line treatment in patients with unresectable HCC
(RATIONALE 301), and a Chinese multicenter phase II
study of tislelizumab in combination with lenvatinib for
the first-line treatment of patients with unresectable
HCC (BGB-A317-211) are in progress.

Other Second-Line Antitumor Treatment Options
The US Food and Drug Administration (FDA) has

conditionally approved pembrolizumab [260] (evidence
level 3, recommendation B) and nivolumab in combi-
nation with ipilimumab [261] (evidence level 3, recom-
mendation B) for the treatment of patients with HCC
who have disease progression after prior treatment with
sorafenib, or patients who are intolerant to sorafenib.
Conditional approval has also been granted to cabozan-
tinib for the treatment of patients with HCC who have
progressed after first-line systemic antitumor therapy
[262] (evidence level 1, recommendation B), and to
ramucirumab as a second-line treatment for patients
with serum AFP levels ≥400 μg/L [263, 264] (evidence
level 1, recommendation B). Combination regimens of
immune checkpoint inhibitor therapy, targeted agents,
chemotherapeutic agents, and locoregional therapies for
the second-line treatment of HCC are also being
explored.

Other Treatments

Traditional Chinese Medicine
Under the clinical medicine system combining tradi-

tional Chinese medicine (TCM) and Western medicine
characterized by syndrome differentiation for treatment
[265], the combination of disease and syndrome is
adopted for the clinical diagnosis and treatment
[266]. TCM prescriptions, modern TCM preparations,
and characteristic TCM diagnostic and treatment

techniques are integrated to treat HCC in different
periods, including the perioperative period, postopera-
tive adjuvant treatment period, follow-up rehabilitation
period, and palliative period, to assist Western medicine
in controlling symptoms, protecting the patient, pre-
venting recurrence and metastasis, and prolonging pa-
tient survival.

In addition to TCM herb decoctions boiled into tonics,
a number of modern Chinese medicine preparation has
been recommended for the treatment of advanced HCC
(e.g., Icariin [267] [evidence grade 2, recommended B])
and the adjuvant treatment of HCC after surgical resec-
tion (e.g., Huaier Granules [136] [evidence level 1, rec-
ommendation A] and Huachansu Combined Detoxifica-
tion Granules [268] [evidence level 2, recommendation
B]). In addition, Huaier granules, elemene, Huachansu,
Cinobufagin, Kanglaite, Kangai, Ganfule Capsule, Jinlong
Capsules, Aidi Injection, Brucea Javanidasca oil, and
compound Mylabris capsules are used to treat advanced
HCC [269–275] with established efficacy and favorable
patient compliance, safety, and tolerability. However,
further standardized clinical studies are required to ob-
tain high-level evidence support.

Antiviral Treatments and Other
Liver-Protecting Treatments
For HCC patients with HBV infection, oral antiviral

treatment with nucleoside analogs should be performed
throughout the entire duration of treatment for HCC. If
the preoperative HBV-DNA level is high and the
glutamic-pyruvic transaminase level is >2 times the
ULN, antiviral and liver-protecting treatments may be
administered first, and surgical resection should be per-
formed after the improvement of liver function to im-
prove the safety of surgery. For patients with high HBV-
DNA levels but no significant abnormality of liver func-
tion, surgery may be performed as soon as possible while
administering antiviral treatments at the same time. In
the case of patients positive for hepatitis B surface antigen
(HBsAg), the use of potent drugs with a low rate of
resistance such as entecavir, tenofovir disoproxil, or
tenofovir alafenamide is recommended [211] (evidence
level 1, recommendation A). Antiviral treatment with
DAAs is recommended in patients with HCV-related
HCCwho are positive for HCVRNA [276, 277] (evidence
level 1, recommendation A).

Abnormal liver function may occur during the natural
course of disease and/or treatment in patients with HCC.
Therefore, timely and appropriate treatment with liver-
protecting drugs is required, with anti-inflammatory,
anti-oxidative, detoxifying, and cholagogic functions, as
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well as for hepatocyte membrane repair and protection.
Liver-protecting drugs include magnesium isoglycyrrhi-
zinate injection, diammonium glycyrrhizinate, com-
pound glycyrrhizin, bicyclol, silymarin, reduced gluta-
thione, ademetionine, ursodeoxycholic acid, polyene
phosphatidylcholine, and ulinastatin. These drugs are
associated with protection of liver function, increased
treatment safety, lower rates of complications, and im-
proved quality of life of patients.

Immune-Related Adverse Events
Immune checkpoint inhibitors (ICIs) exert a thera-

peutic effect on liver cancer by enhancing the anti-tumor
immunity and have become an important treatment
method in the field of liver cancer. However, when
ICIs activates the immune function of the body, they
also bring a series of special toxic and side effects, called
immune-related adverse events (irAEs). With the wide
application of ICIs, irAEs have become a major challenge
in clinical practice. The most common types of irAEs are
skin toxicity, endocrine toxicity, pneumonia and digestive
tract toxicity. Other less common but life-threatening
irAEs include interstitial pneumonia and immune my-
ocarditis. The wide disease spectrum of irAEs requires
multidisciplinary collaborative management. At present,
many academic institutions or platforms in China and
globally have formulated various guidelines for irAE
management.

There is a potential risk of ICIs-related toxicity or other
unexpected toxicity in some special populations. ICI
treatment is not routinely recommended for organ trans-
plant patients, patients with active autoimmune diseases,
especially those who cannot be controlled by immuno-
suppressive drugs or need to be controlled by large doses,
and HIV patients etc. If ICI treatment is considered for
clinical use for these special groups, clinicians must fully
communicate with patients and their families before
treatment, weigh the pros and cons, and carefully select
ICIs treatment.

Symptomatic Supportive Treatment
Patients with HCC often experience complications

such as cirrhosis, splenomegaly, and cytopenia of one or
more blood lineages due to treatments such as anti-
tumor therapy. Blood product transfusions or pharma-
cologic therapy may be considered in these cases. Pa-
tients with neutropenia may be administered granulo-
cyte colony stimulating factor (G-CSF), including
polyethylene glycosylated recombinant human G-CSF
and recombinant human G-CSF, as appropriate [278].
Patients with hemoglobin <80 g/L may be infused with

erythrocyte suspension or medications, including iron,
folic acid, vitamin B12, and erythropoietin, as appro-
priate. Platelet transfusions may be considered appro-
priate in patients with thrombocytopenia. To reduce
platelet transfusion, platelet counts may be elevated
with recombinant human thrombopoietin or thrombo-
poietin receptor agonists in non-emergency situa-
tions [279].

For patients with advanced HCC, best supportive
care should be provided including analgesic treatment,
correction of hypoalbuminemia, enhanced nutritional
support, blood sugar control in patients with diabetes,
and management of complications including ascites,
jaundice, hepatic encephalopathy, gastrointestinal
bleeding, and hepatorenal syndrome. Bisphosphonates
may be used in patients with bone metastasis. In
addition, adequate rehabilitation exercises can in-
crease patient immunity. Meanwhile, psychological
interventions for patients should be emphasized to
enhance patient confidence in overcoming the disease,
transform negative thinking into positive thinking, and
let patients enjoy a sense of security and comfort
through palliative care while reducing depression
and anxiety.

Response Evaluation for Systemic Antitumor Therapy
Currently, the response evaluation criteria in solid

tumors v1.1 (RECIST 1.1) are mainly used for response
evaluation in patients receiving systemic treatment. The
modified RECIST (mRECIST) may be used in combina-
tion to evaluate treatment response in patients receiving
anti-angiogenic molecular targeted therapies. Immune
RECIST (iRECIST) may be used to evaluate response
in patients receiving treatment with immune-checkpoint
inhibitors [280].

Summary
1. Indications for systemic antitumor therapy: patients

with CNLC stage IIIa and IIIb HCC, patients with
CNLC stage IIb HCC who are not suitable for surgical
resection or TACE treatment, and HCC patients who
are resistant to TACE therapy or who have failed
TACE therapy.

2. First-line antitumor treatments may include atezoli-
zumab in combination with bevacizumab, sintilimab
in combination with a bevacizumab biosimilar (Bev-
agen®), donafinib, lenvatinib, sorafenib, and
oxaliplatin-containing systemic chemotherapy.

3. In China, approved second-line antitumor treatments
include regorafenib, apatinib, camrelizumab, or
tislelizumab.
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4. As required by the patient’s medical condition, tradi-
tional Chinese herbal medicine may be administered.

5. Antiviral treatment should be performed throughout
the treatment with liver protection and cholagogic
treatments as well as supportive symptomatic treat-
ment performed as appropriate in addition to anti-
tumor treatment.

Treatment of Spontaneous Rupture of Liver Tumors

Rupture of liver tumors is a potentially fatal compli-
cation of HCC. The in-hospital mortality of simple
conservative treatment for a ruptured tumor is extremely
high. However, it is not a determinant of the long-term
survival of patients. Therefore, after the success of initial
rescue measures, the patient’s hemodynamics, liver func-
tion, general health status, and possibility of removal of
the tumor should be fully evaluated to develop an in-
dividualized treatment regimen [281–285].
1. Surgical resection is the first choice in patients with a

resectable liver tumor, good liver reserve function, and
stable hemodynamics [286, 287] (evidence level 2,
recommendation A).

2. TAE can be selected for patients with poor liver
reserve function and unstable hemodynamics who
are unsuitable for surgery [288] (evidence level 4,
recommendation B).

3. In cases where it is not possible to fully evaluate liver
function and liver tumors due to limitations of emer-
gency conditions, TAE may be performed first. Cor-
responding treatment regimens may be subsequently
selected based on a follow-up evaluation. Significant
survival benefits may be obtained if a second-stage
surgical resection is performed [286] (evidence level 3,
recommendation A).

4. Spontaneous rupture of liver tumors is a high-risk
factor for postoperative recurrence and should be
treated with adequate intraoperative flushing of the
abdominal cavity and postoperative adjuvant therapy.
Aggressive radical resection may be considered in
patients with postoperative peritoneal metastases
alone [289] (evidence level 3, recommendation C).
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