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Abstract

Background: Primary liver cancer, around 90% are 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:
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Since the publication of Guidelines for Diagnosis and Treatment of Primary Liver Cancer (2017
Edition) in 2018, additional high-quality evidence has emerged with relevance to the diagno-
sis, staging, and treatment of liver cancer in and outside China that requires the guidelines to
be updated. The new edition (2079 Edition) was written by more than 70 experts in the field
of liver cancer in China. They reflect the real-world situation in China regarding diagnosing
and treating liver cancer in recent years. Key Messages: Most importantly, the new guidelines
were endorsed and promulgated by the Bureau of Medical Administration of the National
Health Commission of the People’s Republic of China in December 2019.

© 2020 The Author(s).
Published by S. Karger AG, Basel

Overview

In China, primary liver cancer 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 [1, 2]. The main pathological subtypes of primary liver cancer
are hepatocellular carcinoma (HCC), intrahepatic cholangiocarcinoma (ICC), and HCC-ICC.
These 3 subtypes vary greatly in pathogenesis, biological behavior, histologic morphology,
treatment methods, and prognosis. HCC is the most common primary liver cancer,
accounting for 85-90% of all cases, and therefore, the remainder of this guideline refers
to HCC only.

In an effort to standardize the diagnosis and treatment of HCC in China, the Bureau of
Medical Administration of the former National Health and Family Planning Commission of the
people’s Republic of China promulgated the Guidelines for Diagnosis and Treatment of Primary
Liver Cancer (2017 Edition) in June 2017. Since then, additional high-quality evidence has
emerged with relevance to the diagnosis, staging and treatment of HCC in and outside China
and in particular research directly applicable to clinical practice in China. In response to these
developments, the Bureau of Medical Administration of the National Health Commission of
the People’s Republic of China entrusted the Society of Liver Cancer of China to organize a
nationwide committee of multidisciplinary experts to produce Guidelines for The Diagnosis
and Treatment of Hepatocellular Carcinoma (2019 Edition) (hereinafter referred to as the
“Guidelines”). The levels of evidence quoted in these guidelines are based on the Oxford
Centre for Evidence-Based Medicine Levels of Evidence (2009).

Screening and Diagnosis

Monitoring and Screening of High-Risk Populations

Screening for HCC in high-risk populations facilitates early detection, early diagnosis, and
early treatment and is critical for improving the outcomes of patients with HCC. In China,
high-risk populations mainly comprise people with hepatitis B virus (HBV) and/or hepatitis
C virus (HCV) infection, excessive alcohol consumption, nonalcoholic fatty hepatitis, long-
term consumption of aflatoxin-contaminated food, liver cirrhosis of all causes, and a family
history of HCC. In particular, Chinese men >40 years of age are at an increased risk of devel-
oping HCC. Liver ultrasonography (US) and serum alpha-fetoprotein (AFP) testing are used
for the early screening of HCC, and screening at a minimum of every 6 months is recom-
mended in high-risk populations [3].
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Imaging Examinations for HCC
Imaging examinations should be applied using the principle of integrated application,
with different methods used to complement each other in performing an overall evaluation.

Ultrasonography

US is the most commonly used liver imaging method in clinical practice as it offers ease
of operation, real-time results, noninvasiveness, and portability. A number of different US
techniques exist with different clinical utility. Routine gray-scale US can detect early-stage
focal liver lesions with a high degree of sensitivity and can accurately identify lesions as cystic
or parenchymal, benign, or malignant. Gray-scale US is also able to detect metastatic disease
in the liver or abdominal cavity and identify the invasion of intrahepatic vessels and bile
ducts. Color Doppler flow US imaging can be used to visualize the blood supply within a lesion,
and furthermore canidentify the nature ofalesion and its adjacentrelationship withimportant
intrahepatic blood vessels. Contrast-enhanced US can visualize the hemodynamic changes
within a liver tumor and provide valuable information for making differential diagnoses. In
addition, contrast-enhanced US has utility for evaluating microvascular perfusion of liver
tumors as well as guiding interventional therapy and evaluating treatment effect. Combining
US with MRI through advanced volume navigation software provides an effective means for
accurate localization of liver tumors and real-time minimally invasive ablation of HCC [4]
(level 3 evidence). Intraoperative US and intraoperative contrast-enhanced US have enough
sensitivity to detect micro-tumors (around 5 mm in diameter) in the liver and allow coordi-
nation during surgical treatment [5] (level 3 evidence). Ultrasound elastography allows
noninvasive measurement of the stiffness of liver parenchyma and focal lesions and provides
additional information when determining the feasibility of surgical treatment [6, 7] (level 3
evidence). Integration of multiple US techniques plays an important role in accurate preop-
erative diagnosis, intraoperative localization, and postoperative evaluation of HCC [8].

Computed Tomography and MRI

Dynamic contrast-enhanced computed tomography (CT) and multimodal MRI scans are
the first-choice imaging methods for diagnosing patients with abnormal liver US and serum
AFP screening results. In addition to wide application in the clinical diagnosis and staging of
HCC, dynamic contrast-enhanced CT is also used to evaluate the response of HCC to locore-
gional treatment, in particular in the observation of deposition of iodized oil following tran-
sarterial chemoembolization (TACE). Furthermore, CT has other common uses in clinical
practice such as 3D vascular reconstruction, measurement of liver volume, and tumor volume,
and evaluation of extrahepatic metastasis.

Multimodal MRI is the preferred imaging technique for the detection, diagnosis, staging,
and response evaluation of HCC as it does not involve ionizing radiation and has a high tissue
resolution. In addition, MRI is multidirectional and allows sophisticated techniques such as
multiparameter imaging that combines morphological images with functional imaging such
as diffusion weighted imaging. Multimodal MRI has a better ability to detect and diagnose
smaller liver tumors (diameter <2.0 cm) than dynamic contrast-enhanced CT [9, 10] (level 3
evidence).

The detection rate for liver tumors <1.0 cm diameter and the accuracy of diagnosis and
differential diagnosis of HCC are improved by using the hepatocyte-specific MRI contrast
agent gadoxetic acid disodium (Gd-EOB-DTPA) [11-15] (level 2 evidence). Compared with
dynamic contrast-enhanced CT, multimodal MRI is superior for evaluating involvement of the
portal vein, and main trunk and branches of the hepatic vein, as well as identifying abdominal
or retroperitoneal lymph node metastases.
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The characteristic “wash in and wash out” enhancement pattern is a key criteria for
making a diagnosis of HCC from imaging data [16-18] (level 1 evidence). On dynamic contrast-
enhanced CT and MRI images, liver tumors exhibit a distinct homogeneous or inhomoge-
neous “wash in” enhancement in the arterial phase (mainly in the late arterial phase) and a
“wash out” in the portal venous phase and/or equilibrium phase. Gd-EOB-DTPA-enhanced
MRI exhibits enhancement in liver tumor(s) in the arterial phase, washout in the portal
venous phase and, frequently, obvious hypointensity in the hepatobiliary phase with only
5-12% of small well-differentiated HCCs showing hyperintensity associated with contrast
agent uptake in the hepatobiliary phase [19] (level 3 evidence).

Diagnosis of HCC by contrast-enhanced MRI requires confirmation against other charac-
teristic imaging findings such as capsule-like enhancement, moderate hyperintensity on
T2-weighted imaging, and diffusion restriction [20] (level 3 evidence). Hypointensity in the
hepatobiliary phase and enhancement in the arterial phase of Gd-EOB-DTPA-enhanced MRI
and diffusion restriction significantly improves the diagnostic sensitivity for small liver
tumors and helps differentiate precancerous lesions such as highly dysplastic nodules [21]
(level 3 evidence). Approximately 5-12% of HCCs can be found with iso- or hyperintense
owing to the overexpression of OATP1B3 during hepatocarcinogenesis. Hepatobiliary iso- or
hyperintense HCC was reported to be related to the activation of -catenin or Wnt/3-catenin
target genes, consequently indicating a moderate differentiated grade and better outcome
[22, 23]. The establishment of radiomic nomograms based on mining of CT and/or MRI data
from cases of HCC may help improve clinical decision-making such as selection of treatment
regimens, efficacy evaluation, and prognosis [24-26] (level 3 evidence).

Digital Subtraction Angiography

Digital subtraction angiography (DSA) is an invasive procedure and in most cases is recom-
mended to be performed through selective or ultraselective cannulation of the hepatic artery.
This technique is most commonly used for delivering hepatic locoregional therapy or for the
treatment of acute bleeding from tumor rupture. DSA not only visualizes liver tumor blood
vessels and liver tumor staining but also allows visualization of the number, size and blood
supply of liver tumors. DSA provides accurate and objective information on vascular anatomic
variation and the anatomic relationship between liver tumor(s) and important blood vessels. It
can also be used to assess infiltration of the portal vein, which is an important factor for judging
the feasibility and prognosis for surgical resection and determining a suitable treatment regimen.

Nuclear Medicine Imaging

1. Positron emission tomography/computed tomogrpahy (PET/CT): The advantages of
whole-body 18F-fluorodeoxyglucose (18F-FDG) PET/CT lie in the following: (1) Tumor
staging - one procedure enables the overall evaluation of the presence of lymph node
metastasis and distal organ metastasis [27, 28] (level 1 evidence). (2) Re-staging - 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 this imaging technique is not affected by anatomic structures [29, 30]
(level 2 evidence). (3) Response evaluation - compared with other imaging modalities,
PET/CT is more sensitive and accurate for the evaluation of response to medical inter-
ventions such as targeted drugs thatactto inhibittumoractivity [31,32] (level 2 evidence).
(4) Guiding biological target volume delineation for radiation therapy and determination
of puncture biopsy sites [29, 30] (level 2 evidence). (5) Evaluation of the extent of malig-
nancy and prognosis [33-36] (level 2 evidence). Carbon-11 acetate or choline PET
provides improved sensitivity for the diagnosis of well-differentiated HCC and is comple-
mentary to ®F-FDG PET/CT [37, 38].
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2. Single-photon emission computed tomography/computed tomography (SPECT-CT):
SPECT/CT has gradually become a mainstream device for nuclear medicine single-photon
imaging in place of SPECT when bone metastasis was suspected in patient with liver
carcinoma. The bone lesions detected by whole-body bone planarimaging can be selected
for regional SPECT/CT fusion imaging, which significantly improves the accuracy of diag-
nosis by simultaneously obtaining the SPECT and diagnostic CT images of the lesion site
[39] (level 3 evidence).

3. Positron emission tomography/MRI (PET/MRI): PET/MRI imaging provides both
anatomical and functional information about the disease and improves the diagnostic
sensitivity for HCC [40].

Liver Biopsy

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 [41, 42] (level 1 evidence). For patients with resectable HCC or scheduled
for liver transplantation, preoperative liver biopsy is not recommended, in order to reduce
the risk of tumor dissemination. For space-occupying lesions without typical imaging char-
acteristics, liver biopsy can provide a definitive pathologic diagnosis. Liver biopsy also
provides valuable information on the nature of the lesion and etiology of disease, allows
molecular classification of HCC [43], and can provide guidance for treatment selection and
prognosis.

Liver biopsy should be performed under the guidance of US or CT with an 18G or 16G
needle. The major risks of liver biopsy are bleeding and needle tract implantation. Platelet
count and blood clotting should be assessed preoperatively and liver biopsy is contraindi-
cated in patients with hemorrhagic tendency. In order to avoid tumor rupture and needle
tract implantation, coaxial needles can be selected to guide the puncture, followed by embo-
lization of the needle tract with a gelatin sponge, and normal liver tissues should be passed
in the selection of puncture tract to avoid direct puncture of the nodules located on the surface
of the liver. Tissue specimens from both the tumor tissue and the adjacent liver tissue should
be obtained to improve the accuracy of pathological diagnosis. In addition, pathologic diag-
nosis by liver lesion biopsy is associated with a certain false-negative rate due to multiple
factors including the size of lesion; lesions with a diameter of <2 cm have a high false-negative
rate. Therefore, a negative result from liver biopsy cannot exclude the possibility of HCC, and
follow-ups need to be conducted with an interval of 3 months. Repeat liver biopsy is recom-
mended in patients with limited biopsy specimens and negative pathological result, but who
are clinically highly suspected of having HCC.

Serum Biomarkers for HCC

Currently, serum AFP is a commonly used and important biomarker for the diagnosis of
HCCand monitoring oftreatmentresponse.Aserum AFPlevel of 2400 pug/Lishighly suggestive
of HCC after excluding pregnancy, chronic or active liver diseases, embryonal tumors of the
gonads, and gastrointestinal tumors. Patients with mildly increased serum AFP should be
actively monitored. Cross comparison with changes in liver function should also be performed
to facilitate diagnosis. Lens culinaris agglutinin-reactive fraction of AFP (AFP-L3), protein
induced by vitamin K absence/antagonist-II (PIVKA II, also called des-gamma carboxyprot-
hrombin) and plasma-free microRNA [44] may also act as diagnostic biomarkers during the
early stages of HCC, in particular the serum AFP negative population. In recent years, “liquid
biopsy” (circulating cell-free microRNA, circulating tumor cells, and circulating tumor DNA,
etc.) has shown value in the early diagnosis and response evaluation of HCC [45].
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Summary of Main Points

US in combination with serum AFP testing is used for the early screening of HCC. Moni-
toring at a minimum frequency of every 6 months is recommended in high-risk popula-
tions.

Dynamic contrast-enhanced CT and multimodal MRI scans are the first-choice imaging
methods for the diagnosis of HCC in patients with abnormal liver US and serum AFP
screening results.

The characteristic “rapid in and rapid out” enhancement pattern is the main basis for an
imaging diagnosis of HCC.

Multimodal MRI is the preferred imaging technique for detection, diagnosis, staging, and
response evaluation of HCC.

PET/CT facilitates HCC staging and evaluation of response to medical interventions.
Liver biopsy for diagnostic purposes is usually not necessary in patients with space-occu-
pying lesions with typical imaging characteristics and eligible for a clinical diagnosis of
HCC.

In the serum AFP negative population, AFP-L3, PIVKA II, and plasma free microRNA can
be helpful to establish an early diagnosis of HCC.

Pathologic Diagnosis of HCC
Tissue specimens obtained from biopsy or surgical resection are diagnosed as HCC

through histopathologic and/or cytologic examination. The requisition form for pathologic
examination should describe the patient’s history of HBV/HCV infection, serum biomarkers
for HCC and imaging examinations. The guidelines for pathologic diagnosis of HCC are
composed of specimen handling, specimen sampling, histologic examination, and pathology

report.

Specimen Handling and Specimen Sampling for HCC

The main guidance for specimen handling includes the following. (1) The surgeon should
indicate the site, type, and number of submitted specimens on the pathology requisition
form. The surgical margin and important lesions can be stained with dyes or labeled with
sutures. (2) Where possible, the intact tumor specimens should be delivered to the
pathologist for dissection and fixation within 30 min after removal. (3) Tissue samples
should be fixed in 10% neutral formalin solution for 12-24 h. (4) Liver puncture biopsy
tissue samples should be placed on a piece of paper before fixation in fixative solution to
prevent shrinking or bending fractures.

The main guidance for specimen sampling is the following. The area adjacent to HCCs is
the representative area for biological features of tumor [46]. 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 cancerous and
adjacent non-neoplastic liver tissues. At least 1 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.
In addition, the actual site and number of specimens obtained must consider the diameter
and total number of tumors [47] (level 2 evidence). The “7-point” sampling method and
MVI pathologic grading diagnosis are not applicable to HCCs with limited non-neoplastic
adjacent liver tissues.
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Fig. 1. Schematic diagram of the
recommended baseline specimen
sampling protocol for liver tu-
mors. A, B, C, and D denote the 12,
3, 6, and 9 o’clock positions, re-
spectively, 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 tis-
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sue.

Recommendations for the Pathologic Diagnosis of HCC

Macroscopic description of specimens [48]: the following details should be specifically
described: size, number, color and texture of tumors, their relationship with blood vessels
and bile ducts, encapsulation status, non-neoplasticliver tissue lesions, type ofliver cirrhosis,
distance between tumor and incisal margin, and involvement of the incisal margin.
Microscopicdiagnosis (based on the 2019 WHO diagnostic criteria for HCC): the following
information should be specifically described. (1) The degree of differentiation of tumor
cells can be described according to the 2019 WHO classification [49] or Edmondson-
Steiner grading. (2) The histological morphology of HCC is usually divided into microtra-
becular, macrotrabecular, pseudoglandular, and compact types. (3) Special types of HCC
include fatty change, clear cell, macrotrabecular-massive, cirrhotic, chromophobe cell,
fibrolamellar, neutrophil-rich, and lymphocyte-rich types. (4) Degree and range of tumor
necrosis, lymphocyte infiltration, and stromal fibrosis. (5) The growth pattern of HCC
including perineoplasticinfiltration, capsule invasion or breakthrough, MVI, and presence
of satellite nodules. (6) Evaluation of chronic liver disease in adjacent liver tissues (HCC
is often accompanied by varying degrees of chronic viral hepatitis or liver cirrhosis). Use
of the Scheuer scoring system or the Chinese Criteria for Histologic Grading and Staging
of Chronic Viral Hepatitis is recommended [50-52]. MVI refers to the presence of clusters
of cancer cells in blood vessels with endothelial cell linings, commonly most pronounced
in the branches of the perineoplastic portal vein (including the intra-capsular blood
vessels) under microscope [53] (level 1 evidence). The extent of MVI can be graded as
MO: no MVI detected; M1 (low risk group): <5 MVIs which occur in proximal non-
neoplastic adjacentliver tissues; M2 (high-risk group): >5 MVIs in proximal or distal non-
neoplastic adjacent liver tissues. 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 [54]. MVI has a great impact on the evaluation of recurrence risk and
on the selection of appropriate treatment strategy and should be considered a routine
parameter for pathologic examination [55-57] (level 2 evidence).
Immunohistochemical examination: immunohistochemical marker panels should be
used in a proper combination for differential diagnosis of HCC, ICC, HCC-ICC, and meta-
static HCC [48]. The recommended hepatocyte markers include arginase-1 (Arg-1), hepa-
tocyte paraffin 1 (Hep Par1), glypican-3 (GPC-3), AFP, polyclonal CEA (pCEA) and CD10.
The most commonly used markers for early-stage HCC include GPC-3, HSP70, and
glutamine synthetase (GS). Immunohistochemical staining for programmed death-1
(PD-1) and programmed death ligand-1 (PD-L1) are also recommended [58].
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Molecular testing: Molecular targets allowing individualized selection of targeted drugs
are currently under preclinical development and validation. For example, the pattern of
clonal origin of multinodular HCC and postoperative recurrent HCC influences clinical
staging and selection of treatment regimens [59, 60]. However, it is difficult to identify
the clonal origin by conventional histomorphological observation. For this reason,
genome loss of heterozygosity of microsatellites can be used to evaluate the clonal origin
of multinodular HCC and postoperative recurrent HCC and provide reference for clinical
staging and selection of individualized treatment regimens [61, 62].

Pathologic Diagnosis Report
A typical pathological report should include gross description of specimens, microscopic

description, immunohistochemical staining examination results, and the final pathologic
diagnosis. In addition, molecular examination results related to the clonal origin of HCC, drug
target testing, biological behavior evaluation, and prognosis assessments can be attached for
clinical reference.

Summary of Main Points

Standardized handling and timely delivery of biopsy/resected tissue samples are of great
significance for tissue preservation and correct diagnosis.

The “7-point” sampling method should be followed.

The contents of pathologic diagnosis reports for HCC should be standardized and compre-
hensive and specifically include the pathological classification of MVI.

Criteria for Clinical Diagnosis of HCC and Diagnostic Pathway
A clinical diagnosis of HCC should be established in accordance with the steps shown in

the following pathway, taking into account the high-risk factors for HCC, imaging character-
istics, and serological molecular markers (Fig. 2).

1.

Screening through US and serum AFP testing should be performed at a minimum of every
6 months in patients with viral HBV/HCV or liver cirrhosis of all causes. For patients with
nodules of a diameter of <2 cm, a clinical diagnosis of HCC can be established by obser-
vation of the “rapid in and rapid out” enhancement pattern on contrast-enhanced imaging
(enhancement in the arterial phase and reduced enhancement of intrahepatic lesions
compared with healthy liver parenchyma in the portal venous and/or balance phase).
This pattern should be observed on at least 2 of the following 4 imaging examinations;
dynamic contrast-enhanced MRI, CT, and US and contrast-enhanced MRI using the hepa-
tocyte-specific contrast agent Gd-EOB-DTPA. For intrahepatic nodules with a diameter of
>2 cm, a clinical diagnosis of HCC can be established when the “rapid in and rapid out”
enhancement pattern is observed on any of these 4 imaging examinations.

For patients with HBV/HCV or liver cirrhosis of all causes and intra-hepatic nodules with
a diameter <2 cm observed during follow-up, a diagnosis can be established by liver
puncture biopsy or 2- to 3-monthly imaging examinations in combination with serum
AFP testing if the typical enhancement characteristics of HCC are noted in zero or one of
the 4 imaging examinations. For patients with intrahepatic nodules with a diameter of >2
cm, a diagnosis can be made by liver lesion puncture biopsy if the typical enhancement
characteristics of HCC are not observed in any of the 4 imaging examinations.

For patients with HBV/HCV, or liver cirrhosis of all causes and increased serum AFP, in
particular continuously increased AFP, imaging examinations should be performed. The
close monitoring of serum AFP levels and 2- to 3-monthly imaging examinations should
be performed after the exclusion of pregnancy, chronic or active liver disease, embryonic
reproductive tumors, and gastrointestinal cancer, if no intrahepatic nodules are iden-
tified.
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and proceed with corresponding procedures

Fig. 2. Pathway for the diagnosis of HCC. Typical characteristics: the “rapid in and rapid out” enhancement
pattern that manifests as enhancement of lesions in the arterial phase and reduced enhancement in the por-
tal venous or equilibrium phase of dynamic contrast-enhanced imaging. Atypical characteristics: absence of
obvious enhancement of lesions in the arterial phase of dynamic contrast-enhanced imaging, or no reduc-
tion/no obvious reduction/mild increase in enhancement in the portal venous or equilibrium phase of dy-
namic contrast-enhanced imaging. MRI, dynamic contrast-enhanced MRI; CT, dynamic contrast-enhanced
CT; CEUS, contrast-enhanced US. Ultrasound contrast agents are used for real-time observation of blood per-
fusion of normal and pathological tissues. EOB-MRI, contrast-enhanced MRI with the hepatocyte-specific

contrast agent gadoxetic acid disodium (Gd-EOB-DTPA).

limit of normal; US, ultrasonography.
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Staging

The staging of HCC is crucial for prognostic assessment and selection of appropriate
treatment strategy. There are a number of staging systems, including the Barcelona Clinic
Liver Cancer (BCLC), TNM, Japan Society of Heptatology (JSH) and Asia Pacific Association for
the Study of the Liver (APASL) staging systems. The China liver cancer (CNLC) staging system
takes into account the patient’s general health status, and the status of liver tumors and liver
function. The CNLC staging system is divided into Stage Ia, Ib, Ila, IIb, IlIa, IIIb, and IV. See
Figure 3 for details.

CNLC Stage Ia: a performance status (PS) score of 0 to 2, Child-Pugh A/B liver function, a
solitary tumor with a diameter of <5 cm, and absence of vascular invasion or extrahepatic
metastasis.

CNLC Stage Ib: a PS score of 0 to 2, Child-Pugh A/B liver function, a solitary tumor with a
diameter of >5 cm, or 2 to 3 tumors with a maximum diameter <3 cm, and absence of vascular
invasion or extrahepatic metastasis.

CNLC Stage Ila: a PS score of 0 to 2, Child-Pugh A/B liver function, 2 to 3 tumors with a
maximum diameter >3 cm, and absence of vascular invasion or extrahepatic metastasis.

CNLC Stage IIb: a PS score of 0 to 2, Child-Pugh A/B liver function, 24 tumors regardless
of tumor diameter, and absence of vascular invasion or extrahepatic metastasis.

CNLC Stage Illa: a PS score of 0 to 2, Child-Pugh A/B liver function, regardless of tumor
status, and presence of vascular invasion but absence of extrahepatic metastasis.

CNLC Stage IlIb: a PS score of 0 to 2, Child-Pugh A/B liver function, regardless of tumor
status and vascular invasion, and presence of extrahepatic metastasis.

CNLC Stage 1V: a PS score of 3 to 4, Child-Pugh Cliver function, regardless of tumor status,
vascular invasion, and extrahepatic metastasis.

Treatment

The treatment of HCC involves multiple methods and disciplines and must be led by a
multidisciplinary diagnosis and treatment team, particularly for complicated cases. The
selection of appropriate treatment approaches should be based on high-level evidence, while
also taking into account other considerations such as regional/local economic situations and
access to care.

Surgical Treatment
Surgical treatment provides the best opportunity for achieving long-term survival in HCC
patients and is mainly comprised of hepatectomy and liver transplantation.

Basic Principles for Hepatectomy

1. Thoroughness: complete removal of tumor tissue, ensuring that the surgical margin is
free of residual tumor.

2. Safety: preservation of a sufficient volume of functional liver tissue (with good blood
supply and blood and bile outflow) to compensate liver function and reduce 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. Eastern Cooperative Oncology Group PS (ECOG PS) is commonly used to evaluate
the patient’s general condition. Liver function evaluation, such as Child-Pugh Score, indocy-
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Fig. 3. China clinical staging and treatment pathway for HCC. Notes: FOLFOX4, 5-fluorouracil, leucovorin, and
oxaliplatin; HCC, hepatocellular carcinoma; PS, performance status; TACE, transarterial chemoembolization;
UCSF, University of California, San Francisco.

anine green (ICG) clearance test, or transient elastography for liver stiffness measurement
[63-68] is used to evaluate LFR. Many studies, including those from Chinese researchers,
suggest that selected patients with portal hypertension can still receive hepatectomy, and
that their long-term survival following surgery is superior to that associated with other treat-
ments [69, 70]. Therefore, an accurate evaluation of the degree of portal hypertension [71,
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72] is helpful to screen patients suitable for surgical resection. CT and/or MRI is used to
measure the remaining liver volume and for calculation of the percentage of the remaining
liver volume versus the standardized liver volume if the preservation of a small volume of
liver tissues is expected. Child-Pugh Grade A and ICG-R15 < 30% are generally believed to be
the prerequisites for successful surgical resection. The remaining liver volume that accounts
for >40% (for patients with liver cirrhosis) or >30% (for patients without liver cirrhosis) of
the standardized liver volume is another prerequisite for surgical resection.

Indications for Hepatic Carcinectomy

CNLC Stage Ia, Ib, and Ila HCC and good LFR are the most important indications for
successful surgical resection. The results from recent studies have shown surgical
resection is associated with a significantly lower local recurrence rate than radiofre-
quency ablation and suggest that the lack of difference in long-term survival between
both treatments may be attributable to the use of additional curative treatments following
recurrence [73] (level 2 evidence). However, older studies indicate equivalent efficacy
for surgical resection versus local ablation for HCCs with a diameter <3 cm [74] (level 1
evidence). In addition, multiple observational studies have shown that surgical resection
is associated with better long-term outcomes [75-77] (level 1 evidence).

In most cases, surgical resection is not superior to non-surgical approaches such as TACE
in patients with CNLC Stage IIb HCC. However, when tumors are localized to the same
liver segment or ipsilateral hemi-liver and radiofrequency ablation can be performed to
preserve more functional liver volume, surgical removal may be superior to other
treatment approaches even with multiple tumors (>3) [78, 79].Therefore, in this case,
surgical removal is also recommended (level 2 evidence). However, a very thorough
preoperative evaluation is recommended in these cases.

For CNLC Stage Illa HCCs, surgical removal can be considered in the following circum-
stances. (1) In patients with tumor thrombi in the main trunk or branches of the portal
vein, surgical removal of the tumor and embolectomy through the portal vein can be
considered, followed by postoperative TACE, portal vein chemotherapy, or other systemic
treatments when the tumor is localized to the hemi-liver with tumor thrombi formed in
the branches of the portal vein (Cheng’s Classification type I/1I) [80]. Surgical resection
of tumor thrombi in the main portal vein (Cheng’s Classification type III) remains contro-
versial and may produce an outcome equivalent to TACE or external radiotherapy.
Therefore, the presence of tumor thrombi in the trunk of the portal vein is not an absolute
indication for surgical resection [81] (level 3 evidence). A randomized controlled study
has shown that preoperative three-dimensional conformal radiotherapy is associated
with improved postoperative survival in resectable patients with portal vein tumor
thrombus [82] (level 2 evidence). (2) Patients with tumor thrombi in the bile duct and
obstructive jaundice and resectable intrahepatic lesions. (3) For patients with portal
lymph node metastases, intraoperative lymph node dissection or postoperative external
radiation therapy can be performed in addition to tumor resection. (4) Patients with
involvement of adjacent organs that can be resected simultaneously.

In addition, hepatic artery and portal vein catheterization chemotherapy or other intra-

operative locoregional treatments can be considered for HCC that is confirmed as unsuitable
for resection during surgical exploration.

Criteria for Curative Resection

Intraoperative assessment criteria: (1) no macroscopic tumor thrombi are noted in the
hepatic vein, portal vein, bile duct, and inferior vena cava. (2) In the absence of adjacent
organ involvement, portal lymph node or distal metastases. (3) The distance between the

1
Karger <

694



Liver Cancer 2020;9:682-720

DOI: 10.1159/000509424 © 2020 The Author(s). Published by S. Karger AG, Basel
www.karger.com/lic

Zhou et al.: 2019 HCC Guidelines in China

Liver Cancer

surgical margin and tumor boundary is >1 cm or histologic examination of the cross
section of the resected liver is free of residual tumor cells, thatis, negative surgical margin,
if the surgical margin is <1 cm.

2. Postoperative judgment criteria: (1) US, CT, and MRI (at least 2 of these 3 examinations
are mandatory) performed 2 months after surgery confirm the absence of tumor lesions.
(2) Quantitative AFP testing should be performed postoperatively at 2 months to ensure
AFP is within normal range (it should be noted that the time to normalization of AFP is
>2 months in isolated patients) if the AFP levels were elevated preoperatively. The rate
of decrease in serum AFP can predict the thoroughness of surgical resection [83].

Surgical Resection Techniques

Commonly used hepatectomy techniques include hepatic inflow and outflow control
techniques, liver transection techniques and hemostatic techniques. Preoperative three-
dimensional visualization technology helps to design a more accurate path of resection
enabling protection of the ducts of the remaining liver and achieving a better oncological
outcome (level 3 evidence). Laparoscopic hepatectomy has advantages including reduced
invasiveness and more rapid recovery [84] (level 2 evidence). A retrospective study has
shown that laparoscopic hepatectomy is associated with similar long-term outcomes as open
surgery [85] (level 3 evidence). However, prospective, multicenter, randomized controlled
studies are required to support this approach. There is evidence supporting improved prog-
nosis following laparoscopic hepatectomy compared with radiofrequency ablation, espe-
cially in patients with tumors located in peripheral sites. Laparoscopic hepatectomy is asso-
ciated with less bleeding when conducted in experienced centers and ICG fluorescence, 3D
laparoscopy, and robot assistance will become important tools for laparoscopic hepatectomy
in the future, improving surgical outcomes for patients with HCC [86].

Both anatomic and nonanatomic resections are commonly used surgical techniques.
Studies show that hepatectomy with wide surgical margins is associated with better outcomes
than hepatectomy with narrow surgical margins (level 2 evidence) [87], especially in patients
with MVI [88]. For large liver tumors, anterior approach hepatectomy without dissecting
perihepatic ligaments can be performed [89]. For multiple liver tumors, surgical removal in
combination with intraoperative locoregional ablation (e.g., radiofrequency ablation) can be
performed [90] (level 3 evidence). For patients with portal vein tumor thrombus, the portal
venous flow of the unaffected side should be temporarily interrupted during portal vein
embolectomy to avoid the dissemination of tumor thrombi [91]. For patients with tumor
thrombi in the hepatic vein or vena cava, total blood vessel control can be interrupted to
maximize the removal of tumor thrombus [92]. For patients with tumor thrombi in the right
atrium, embolectomy through the opening of the chest and right atrium can be performed
along with hepatic tumorectomy. For HCC patients with tumor thrombi in the bile duct,
resection of the involved bile ducts and bile duct reconstruction should be performed in
addition to embolectomy to reduce the risk of local recurrence, particularly if the bile duct
wall is partially invaded by the tumor [93].

Insufficient residual liver function as a result of insufficient remnant liver volume is the
main factor that hinders the application of radical resection. The following methods can be
used for improving the resectablility of HCC.

1. Surgical resection can be performed after induction of tumor shrinkage by preoperative
TACE in some patients with Stage I HCC unsuitable for surgical resection [94, 95].

2. Portal vein embolization (PVE) should be applied to the hemi-liver in which the main
tumor is located for compensatory hypertrophy of the remaining liver before resection
[96]. Complications from this procedure are rarely reported in clinical practice; however,
the combined use of TACE can be considered to reduce the risk of tumor progression
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during the waiting time since 4-6 weeks are needed to allow volume increase of the
contralateral liver [97].

3. Associating Liver Partition and Portal Vein Ligation for Staged Hepatectomy (ALPPS)
[98] (level 3 evidence) is suitable for patients in whom remnant liver volume is <30-40%
of the standardized liver volume. Preoperative evaluation is very important and should
incorporate the degree of liver cirrhosis, the patient’s age, and ability to tolerate 2
surgeries within a short period of time [99]. In addition, laparoscopy or ablation tech-
niques can be used to reduce the trauma associated with the second surgery [100, 101].
The use of ALPPS is associated with increased incidence of complications and mortality,
although it can improve the resection rate for HCC within a short period of time. Prelim-
inary results from observational studies show that ALPPS produces better outcomes
than TACE for the treatment of large or multinodular HCC. These potential benefits must
be balanced against the trauma caused by receiving 2 surgeries within a short period of
time, and the possibility of failure of the second-stage surgery should be considered.
Extra care should be taken in the selection of appropriate candidates for this procedure.

4. For HCCs in patients with serious liver cirrhosis, those with multiple nodules, and with
tumors deep in position during abdominal exploration, intraoperative locoregional
ablation can reduce surgical risks.

Preoperative Treatment

For unresectable HCC, application of locoregional treatments such as TACE or external
radiation therapy may result in tumor downstaging and consequently provide initially inel-
ligible patients with opportunities for surgical intervention. Good long-term survival may be
achieved in HCC patients undergoing resection after downstaging [94]. For patients with
resectable HCC, preoperative TACE is not associated with improved survival [102, 103] (level
2 evidence).

For patients with HBV-related HCC and preoperative elevated HBV-DNA level and ALT
level >2 times the ULN, antiviral treatments can be administered followed by surgical resection
when liver function is improved to ensure safety of surgery. For patients with increased
HBV-DNA copy numbers, but without obvious abnormalities in liver function, surgery can be
performed as soon as possible while administering effective antiviral therapy. Anti-HBV
treatment not only controls underlying liver diseases, but also reduces postoperative recur-
rence rates [104, 105] (level 1 evidence).

Postoperative Treatment (for Prevention and Treatment of Postoperative Metastasis

and Recurrence)

The 5-year recurrence rate after surgical resection of HCC is around 40-70%, and recur-
rence is often associated with preexisting minimal disseminated lesions or multicentric
origin. Therefore, close follow-ups are mandatory in all patients. In the case of recurrence,
repeated resection, local ablation, TACE, radiation therapy, or systemic treatment can be
performed to prolong survival based on the characteristics of the recurrent disease. For
patients at high recurrence risk, 2 randomized controlled studies have shown that postop-
erative TACE can reduce recurrence rates and prolong survival [106, 107] (level 2 evidence).
A further randomized controlled study has shown that treatment with Huaier granules after
hepatectomy is associated with reduced recurrence rates and prolonged survival [108] (level
1 evidence). Antiviral treatment with nucleoside analogs is associated with reduced recur-
rence and prolonged survival in HCC patients with HBV infection [104, 105, 109] (level 1
evidence). In addition, the concurrent use of portal vein catheterization chemotherapy and
TACE after surgery can also prolong survival in patients with portal vein tumor thrombus
[110]. The use of interferon-a to reduce recurrence risk and prolong survival [111-113]
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(level 2 evidence) still remains controversial [114], although such effects have been demon-
strated in some randomized clinical studies. There are reports of an association between
miR-26a expression in HCC and efficacy of treatment with interferon a [115]. However,
further multicenter randomized controlled studies are warranted to confirm this result.
Large clinical studies show that treatment with sorafenib fails to improve postoperative
survival in patients with early stage HCC [116]; however, some small clinical studies suggest
that postoperative treatment with sorafenib is associated with reduced tumor recurrence
and prolonged survival in patients at high risk for recurrence [117].
Summary of Main Points

1. Hepatectomy is animportant means of achieving long-term survival in patients with HCC.

2. The key principle of hepatectomy is to completely remove the tumor and preserve suffi-
cient volumes of functional liver tissues. Thus, overall preoperative LFR evaluation and
oncological evaluation are of great importance.

3. Child-Pugh Grade A and ICG-R15 < 30% are generally accepted as prerequisites for
surgical resection. A remaining liver volume accounting for >40% (for patients with liver
cirrhosis) or >30% (for patients without liver cirrhosis) of the standardized liver volume
is another prerequisite for surgical resection. Preoperative evaluation methods also
include measurement of liver stiffness and degree of portal hypertension.

4. CNLC Stage Ia, Ib, and 1la HCCs in patients with good liver reserve function are the best
indications for surgical resection. Surgical resection may lead to favorable outcomes in
selected patients with CNLC stage IIb and stage Illa HCC. In addition, intraoperative
locoregional ablation, preoperative TACE, and preoperative conformal radiotherapy may
improve resectability of CNLC Stage IIb and I1la HCCs.

5. Hepatic inflow (hepatic artery and portal vein) and outflow (hepatic vein) control tech-
niques are frequently used during hepatectomy. Preoperative three-dimensional visual-
ization technology improves the accuracy of hepatectomy. Laparoscopic techniques can
reduce surgical trauma; however, randomized controlled studies are still warranted to
validate long-term outcomes of this approach in HCC.

6. For patients with large liver tumors and small volumes of remaining liver, preoperative
TACE aiming to reduce tumor volume, portal vein embolization/ligation and ALPPS for
compensatory hypertrophy of the remaining liver can be used to improve the possibility
for resection.

7. Forunresectable HCClocoregional therapies such as TACE and external radiation therapy
can be performed to achieve tumor downstaging before surgical resection. However,
preoperative TACE has not been shown to improve outcomes in patients with resectable
HCC.

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

Liver Transplantation

Indications for Liver Transplantation for HCC

Following appropriate indications is crucial for improving the outcomes of liver trans-
plantation for HCC, ensuring fair and proper use of precious donor liver resources and
balancing the presence or absence of prognostic differences between patients [118] (level 3
evidence). The Milan criteria and University of California San Francisco (UCSF) criteria are
commonly used in the international community. A number of criteria have been proposed by
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Chinese experts, including the Hangzhou criteria [119], Shanghai Fudan criteria [120], West-
Chinacriteria[121],and Sanya consensus [122]. All of these criteria agree on factors, including
the absence of macrovascular involvement, lymph node metastasis, and extrahepatic metas-
tasis, but diverge in classification by the size and number of tumors. These domestic criteria
expand indications for liver transplantation for HCC to enable a greater number of HCC
patients to benefit from liver transplantation without significantly reducing postoperative
overall survival and tumor-free survival. However, multicenter collaborative studies are still
required to reach a consensus. For now, the UCSF criteria are recommended for use and
specify the diameter of a solitary tumor <6.5 cm; the number of tumors <3 of which the
maximum tumor diameter is <4.5 cm and the sum of tumor diameters <8.0 cm; no macrovas-
cular invasion.

The development of surgical technique has led to an expansion of available donor livers.
Further expansion of the indications of living donor liver transplantation for HCC can be
attempted [123]; however, living donor liver transplantation for HCC may be associated with
higher postoperative tumor recurrence than conventional donor surgery without obvious
advantages in survival (level 4 evidence) [124].

Prevention and Treatment of Post-Transplant Recurrence

Tumor recurrence is the major concern after liver transplant for HCC [125]. Risk factors
include tumor stage, vascular invasion, serum AFP level, and cumulative dose of immunode-
pressants. Early withdrawal of or no use of postoperative hormone-containing regimens
[126] and dose reduction of calcineurin inhibitors in the early posttransplant period are asso-
ciated with lower rates of tumor recurrence [127] (level 3 evidence). The use of immunosup-
pressive therapy with mTOR inhibitors such as rapamycin and everolimus after liver trans-
plantation may also be associated with reduced tumor recurrence and improved survival
rates [128-131] (level 3 evidence).

Upon tumor recurrence or metastasis post liver transplantation, the disease typically
progresses rapidly, with a median survival of 7-16 months in patients with recurrence and
metastasis [132]. The survival of patients can be prolonged by a combination of modification
of immunosuppressive regimens, reoperation, TACE, local ablation, radiotherapy, and
systemic treatment on the basis of multidisciplinary diagnosis and treatment [133] (level 4
evidence).

Summary of main points
1. Liver transplantation is a radical treatment approach for HCC and is particularly suitable

for patients with compensated liver function.

2. Itisrecommended that the UCSF criteria are followed as the Chinese criteria for the indi-
cation of liver transplantation for HCC.

3. Early withdrawal of or no use of hormone-containing regimens, dose reduction of calci-
neurin inhibitors in the early posttransplant period and use of immunosuppressive
therapy with mTOR inhibitors such as rapamycin and everolimus after liver transplan-
tation may also be associated with reduced tumor recurrence and improved survival
rates.

4. Upon tumor recurrence and metastasis post liver transplantation, the disease usually
progresses rapidly. Combination treatment on the basis of multidisciplinary diagnosis
and treatment is associated with prolonged survival.

Local Ablation

Although surgery provides the best survival outcomes for patients with HCC, only
20-30% of patients have opportunities for surgical resection as a large proportion have liver
cirrhosis or are already at an intermediate or advanced stage at the time of diagnosis. Locore-
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gional ablation provides opportunities for radical treatment in patients with early HCC
unsuitable for surgical resection.

Local ablation mainly includes radiofrequency ablation (RFA), microwave ablation
(MWA), percutaneous ethanol injection (PEI), cryotherapy, high-intensity focused ultra-
sound ablation (HIFU), laser ablation, and irreversible electroporation (IRE). Local ablation
is often performed under the guidance of US, which has advantages of ease of use, no exposure
to ionizing radiation, real-time results, and high efficiency. CT, MRI, or multimodal image
fusion systems can also be used for guidance, especially in cases in which lesions are invisible
on conventional US. CT or MRI guidance can also be used in the ablation of metastases in the
lungs, adrenal glands, and bones.

Ablation can be performed through a percutaneous, laparoscopic, or laparotomic
approach. Most HCC lesions can be percutaneously ablated, which has advantages of cost-
effectiveness, ease of use, and minimal invasiveness. For sub-capsular HCC, in particular
lesions protruding beyond the liver capsule, ablation is usually associated with a high risk of
bleeding or tumor seeding. For lesions that are located at high-risk sites (close to the heart,
diaphragm, gastrointestinal tract, or gallbladder) and for which protective measures such as
artificial pleural effusion or ascites cannot be taken, ablation by laparoscopic or laparotomic
approaches can be considered.

Local ablation is suitable for patients with CNLC Stage Ia and a proportion of those with
Stage Ib HCC (i.e., solitary tumors with a diameter of <5 cm; or 2 to 3 tumors with the maximum
diameter of <3 cm), no invasion of blood vessels or bile ducts, without adjacent organ invasion
or distal metastasis and with Child-Pugh grade A/B liver function. Outcomes of local ablation
are comparable to radical resection in these patients [74, 75, 134-137] (level 1 evidence).
TACE combined with RFA can be used for patients with inoperable solitary tumors or multiple
tumors with a diameter of 3-7 cm [138-140] (level 1 evidence). Postoperative adjuvant
therapy with sorafenib is not recommended in patients undergoing radical ablation therapy
[116] (level 1 evidence).

Ablation Therapies

1. RFA:RFA is a commonly used minimally invasive ablation method for HCC and has advan-
tages, including ease of use, short hospital stay, excellent efficacy, and good control over
the ablation range. This procedure 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 overall survival but lower incidence of complica-
tions and shorter hospital stay, than surgical resection [74, 75, 134-137] (level 1 evidence).
For solitary HCC with a diameter of <2 cm, RFA has been shown to have similar or superior
efficacy to surgical resection, in particular for central HCC [141, 142] (level 3 evidence). For
patients with unresectable early-stage HCC, results from a systematic review and long-
term studies show that RFA can lead to curative outcomes and should be recommended as
the first-line treatment for early-stage HCC unsuitable for surgery [143-145] (level 1
evidence). RFA has significant advantages including a higher radical cure rate, fewer
sessions of treatment, and higher long-term survival rates compared with PEI [146] (level
1 evidence). The essence of RFA is to ablate the tumor as a whole and maintain a sufficient
safety margin while minimizing the damage to normal liver tissues. The range of tumor
infiltration should be accurately evaluated and satellite lesions should be identified before
the procedure. Therefore, the importance of accurate imaging examinations prior to
treatment should be emphasized. Contrast-enhanced US can allow accurate determination
of the size and shape of a tumor, define the range of tumor infiltration, and detect micro
and satellite lesions, providing a reliable reference for the calculation of ablation range.
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2. MWA: MWA is another commonly used thermal ablation method, which is characterized
by high efficiency, short ablation time, and reduced heat-sink effect as compared with
RFA. For large tumors with rich blood supply and adjacent to large blood vessels, MWA
has advantages, including short treatment time and little influence by vascular heat sinks.
MWA also provides treatment opportunities for elderly patients unable to tolerate
lengthy anesthesia and patients who previously received stent or pacemaker implan-
tation. Its clinical application has gradually increased in recent years. The establishment
of temperature monitoring systems helps determine the range of the effective thermal
field and increase the safety of the MWA procedure. Randomized controlled studies have
shown no statistically significant differences in local efficacy, rates of complications, and
survival outcomes between RFA and MWA [147] (level 2 evidence). The selection of
MWA or RFA should be based on the size and position of tumor, and the operator’s expe-
rience [148] (level 2 evidence).

3. PEI: PEl is suitable for tumors with a diameter of <3 cm. PEI has good ablative effects and
similar long-term efficacy to RFA for tumors with a diameter of <2 cm despite having a
higher local recurrence rate versus RFA [146] (level 1 evidence). The advantage of PEI
lies in its safety and is in particular suitable for tumors in high-risk locations such as
lesions near the hepatic hilar region, gallbladder, and gastrointestinal tracts. However,
repeated PEI procedures are required.

Basic Technical Requirements

1. The physician must receive adequate training and have sufficient clinical experience. A
thorough evaluation of the patient’s general performance status and liver function, as
well as evaluation of the size, position, and number of tumors should be performed prior
to treatment. Attention should be paid to the relationship of the tumor with adjacent
organs. Appropriate puncture tract and ablation ranges should be calculated to secure a
sufficient safety margin.

2. Appropriate imaging guidance (US, CT, or multimodal image fusion) and ablation tech-
nique (RFA, MWA, or PEI) should be selected based on the size and position of the tumor
and the operator’s experience.

3. Ablation is suitable for tumors located at least 5 mm from the common hepatic duct or
the left/right hepatic duct in the hepatic hilar region. For lesions with a diameter >5 cm,
TACE in combination with ablation is recommended, which provides better outcomes
than ablation therapy alone.

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

Treatment Recommendations for Tumors <5 cm

Several randomized controlled trials and retrospective analyses support surgical
resection as the first choice for resectable early HCC [75-77, 134, 136] (level 1 evidence). In
real-world clinical practice, initial treatment should be selected after a thorough consider-
ation of the patient’s general performance status and liver function and the size, number and
position of tumors, as well as the skills and experience of the physician. Surgical resection is
the first choice if the patient can tolerate hepatectomy or the tumors are located in a super-
ficial area, the peripheral liver, or high-risk sites unsuitable for ablation. Local ablation is the
preferred choice for deeply located or central tumors or for patients with 2-3 tumors located
in different liver segments/lobes and can have an efficacy equivalent to surgical resection
with minimal invasiveness in these cases.
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Evaluation and Follow-Up after Ablation Therapy

Dynamic contrast-enhanced CT or MR, or contrast-enhanced US is recommended for
assessing the response to ablation around 1 month after the procedure. Dynamic changes of
serum AFP level should be monitored in patients with elevated baseline AFP. The response
to ablation can be categorized into the following [149]. (1) Complete ablation: follow-up
imaging 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 shows
local enhancementin the ablated region of the tumor in the arterial phase, which is suggestive
of residual tumor. Repeat ablation is suggested in this situation. Ablation therapy should be
abandoned and switched to other treatmentsifthe presence of residual tumorisstill confirmed
after 2 consecutive ablation sessions. Periodic follow-ups are required after complete ablation
is achieved. Serum tumor marker evaluation and imaging examination should be performed
every 2-3 months to screen for local recurrence and new intrahepatic lesions. Ablation
therapy can be repeated due to its effectiveness, minimal invasion and good safety profile.

Summary of main points

1. Local ablation therapy is suitable for patients with CNLC Stage Ia and a proportion of
patients with Stage Ib HCC (i.e., solitary tumors with a diameter of <5 cm or 2-3 tumors
with maximum diameter <3 c¢cm); no invasion of blood vessels and bile ducts; without
adjacent organ invasion or distal metastasis and Child-Pugh Grade A/B liver function.
Outcomes of ablation therapy are comparable to those of radical resection in these
selected patients. TACE combined with ablation can be used for inoperable solitary or
multiple tumors with adiameter of 3-7 cm. Postoperative adjuvant therapy with sorafenib
is not recommended in patients undergoing radical ablation therapy.

2. For patients with resectable early-stage HCC, RFA is associated with similar or slightly
lower tumor-free survival and overall survival, but lower incidence of complications and
shorter hospital stay than surgical resection. For solitary HCC with a diameter <2 cm, RFA
has been shown to have similar or superior efficacy to surgical resection, in particular for
central HCC. For patients with unresectable early-stage HCC, RFA can lead to curative
outcomes and should be recommended as the first-line treatment.

3. MWAisacommonly used thermal ablation method, and no significant differences in local
efficacy, incidence of complications and long-term survival have been reported between
MWA and RFA. The selection of MWA or RFA should be based on the size and position of
tumors, and the operator’s experience.

4. PElis suitable for tumors with a diameter <3 cm. PEI has good ablative effects and similar
long-term efficacy to RFA for tumors with a diameter <2 cm despite its higher local recur-
rence rate compared to RFA. The advantage of PEI is its safety, and in particular, it is
suitable for tumors in high-risk locations such as lesions near the hepatic hilar region,
gallbladder, and gastrointestinal tracts.

5. Dynamic contrast-enhanced CT or MRI, or contrast-enhanced US, is recommended for
assessing the response to ablation around 1 month after ablation therapy.

Transarterial Chemoembolization
TACE is currently recognized as one of the most commonly used nonsurgical treatments
for HCC [150-155] (level 1 evidence).

Basic Principles for TACE

The procedure should be performed under the guidance of a DSA system;

The clinical indications must be well understood and strictly followed;

Superselective catheterization of the branches of tumor-feeding arteries mustbe ensured;
The patient’s liver function must be properly reserved;

B W=
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The procedure must be performed in a standardized and personalized manner;
Switching to or combining with other treatments such as surgery, local ablation, systemic
treatment and radiation therapy should be considered if the tumor still continues to
progress after 3-4 sessions of TACE.

Indications for TACE

Patients with CNLC Stage IIb and Illa HCC and a proportion of patients with Stage IlIb
disease, with Child-Pugh Grade A or B and a PS score of 0-2;

Patients with resectable CNLC Stage Ib and Ila HCC who are unable or unwilling to receive
surgery for other reasons such as older age and severe cirrhosis;

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;

Patients with portal hypertension related bleeding as a result of hepatic artery-portal
venous shunt;

DSA canbe performed for early detection of residual cancer or recurrentlesions following
liver resection and TACE can be performed as appropriate.

Contraindications for TACE

Severe liver dysfunction (Child-Pugh Grade C), including jaundice, hepatic encepha-
lopathy, refractory ascites, or hepatorenal syndrome;

Serious coagulation dysfunction that cannot be corrected;

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

In the presence of active hepatitis or serious infection that cannot be simultaneously
treated;

Distal extensive metastasis with an expected survival <3 months;

Patients with cachexia or multiple organ failure;

Tumor burden >70% of total liver volume (fractionated embolization with small amounts
oflipiodol emulsion and granular embolic agents can be considered in the case of normal
liver function);

Peripheral white blood cell (WBC) and platelet counts are significantly reduced, with a
WBC level <3.0 x 10%/L and a platelet level <50 x 10%/L (not absolutely contraindicated,
e.g., chemotherapy-induced myelosuppression should be excluded in patients with
hypersplenism);

Renal insufficiency: blood Cr >2 mg/dL or blood Cr clearance rate <30 mL/min.

Overview of Operating Procedures for TACE [156] (level 3 Evidence)

Hepatic arteriography is commonly performed using the Seldinger technique from
femoral access (radial access can be considered in selected patients). Angiography of the
celiac or common hepatic artery should be performed to acquire images in the arterial,
parenchymal, and venous phase. Angiography of arteries such as the superior mesenteric
artery should be performed to confirm the collateral blood supply. The angiographic
manifestations should be carefully analyzed to determine the site, size, number and
feeding arteries of tumors.

There are 3 broad techniques categorized by the type hepatic arterial chemotherapy and
embolization. (1) Transarterial infusion (TAI): chemotherapy drugs are infused through
atumor-feeding artery. Common used chemotherapy drugs for this technique are anthra-
cyclinesand platinum doublets. (2) Transarterial embolization (TAE): the feeding arteries
ofaliver tumor are blocked with embolicagents alone. (3) TACE: a combination of chemo-
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therapy drugs and embolic agents is infused through the tumor-feeding artery. The most
commonly used embolic agents for TACE are lipiodol emulsion (containing chemo-
therapy drugs), standardized gelatin sponge particles, blank microspheres, polyvinyl
alcohol particles, and drug-eluting beads. First, a fraction of the chemotherapy drug dose
is infused over a period of 220 min, followed by embolization with the emulsion mixture
consisting of the remaining fraction of the chemotherapy drugs and lipiodol. The dose of
lipiodol is usually 5-20 mL, but <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 fluoroscopic monitoring. Granular
embolic agents are used after embolization with lipiodol emulsion. The use of a well-
mixed emulsion of ultra-liquified ethiodized oil and chemotherapy drugs is advocated to
avoid the embolization of normal liver tissues as a result of agent reflux or the entry of
the agents into non-target organs. For embolization, all the tumor-feeding arteries should
be embolized to achieve devascularization of the tumor.

Adverse Reactions and Complications of TACE

Post-embolization syndrome is the most common adverse reaction associated with
TACE, which mainly manifests as symptoms including 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 related to the chemotherapy drugs. In
addition, other common adverse reactions may occur including puncture site bleeding, WBC
count reduction, transient liver function abnormalities, renal impairment, and dysuria. The
adverse reactions usually last 5-7 days and most patients can fully recover from these reac-
tions after symptomatic treatment. Post-TACE complications usually include acute hepatic
and renal impairment, gastrointestinal bleeding, cholecystitis, and perforation of the gall-
bladder, liver abscesses, biloma and ectopic embolization of embolic agents including
pulmonary and cerebral lipiodol embolism, perforation of the gastrointestinal tract, spinal
cord injury, and diaphragm injury.

Evaluation of Response to TACE

The local response of HCC to TACE should be evaluated in accordance with mRECIST and
European Association for the Study of the Liver (EASL) evaluation criteria. The long-term
efficacy parameter is overall survival (OS), and the short-term efficacy parameters are
objective response rate (ORR) and time to progression (TTP).

Factors that Affect Long-Term Efficacy of TACE [155]

Degree of liver cirrhosis and liver function status;

Serum AFP level;

Tumor volume and burden;

Integrity of the tumor capsule;

Tumor thrombi in the portal vein;

Tumor hypervascularity and blood supply of the tumor;

Pathologic subtype;

Patient performance status;

Serum level of HBV DNA in patients with background of chronic HBV infection.

O PN WD

Follow-Ups and Repeated TACE

Assessment by CT and/or MRI, tumor markers, liver and renal function tests, and blood
count are usually recommended 4-6 weeks after the first session of TACE. Repeated sessions
of TACE can be postponed if the imaging examination shows thick lipiodol deposition in the
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liver tumor, necrosis of tumor tissues, and the absence of tumor enlargement and new lesions.
The frequency of subsequent TACE should be determined based on the follow-up results,
which mainly include the response to previous session of treatment, liver function, and
changes in general condition. The follow-ups can be performed at an interval of every 1-3
months or longer. The response of the liver tumor should be evaluated by dynamic contrast-
enhanced CT and/or MRI to determine the need for repeating TACE. However, 2-4 sessions
of TACE are often required for large/huge liver tumors. Combination treatment with TACE
plus other treatments is advocated for tumor control, improved quality of life, and long-term
survival.

N

Points Worthy of Notice for TACE

Superselective catheterization using a microcatheter is advocated. Catheterization of the
tumor-feeding arteries and accurate infusion of lipiodol emulsion and granular embolic
agents should be ensured for improved efficacy and protection of liver function.

Tumor thrombi in the main portal vein can be effectively managed by portal vein stenting
and lodine-125 seed strips or lodine-125 seed portal vein stenting [157] (level 2
evidence). The tumor thrombi in the first-order branches of the portal vein can be treated
with lodine-125 seed strips or lodine-125 seed implantation via direct puncture [158].
TACE in combination with local ablation therapy: there are 2 approaches for TACE in
combination with thermal ablation therapy. (1) Sequential ablation: TACE followed by
local ablation therapy, which are separated by an interval of 1-4 weeks. (2) Concurrent
ablation: local ablation therapy is performed during TACE, which results in significantly
improved clinical efficacy and reduced hepatic impairment [159] (level 2 evidence). The
addition of ablation treatment, as appropriate, to TACE is advocated for improved efficacy.
Usage of granular embolic agents, including standardized gelatin sponge particles, poly-
vinyl alcohol particles, microspheres, drug-eluting beads, etc. Lipiodol emulsion
(containing chemotherapy drugs), standardized gelatin sponge particles, blank micro-
spheres, and polyvinyl alcohol particles are often used in conventional TACE (also known
as cTACE). Drug-eluting beads (DEBs) are anew type of embolic agent that carries chemo-
therapy drugs for the treatment of HCC (also known as DEB-TACE). However, no signif-
icant differences in overall efficacy have been reported between DEB-TACE and cTACE.
Combination of multiple locoregional therapies or with systemic treatment [155]. (1)
TACE in combination with local ablation therapy such as RFA, MWA, and cryotherapy
[157] (level 2 evidence). (2) TACE in combination with radiation therapy [157] (level 2
evidence). Mainly used as treatments for tumor thrombi in the main portal vein and
inferior vena cava and for localized large liver tumors after interventional therapy. (3)
TACE in combination with second-stage surgical resection: surgical resection is recom-
mended for large or huge liver tumors which reduce in volume following TACE and
become suitable for surgical resection [157] (level 3 evidence). (4) TACE in combination
with other treatments, including combination with molecular targeted drugs, immuno-
therapy, systemic chemotherapy (arsenic trioxide), and radio-immuno-targeted drugs
(e.g., 131 I-metuximab). (5) TACE in combination with antiviral therapy: antiviral therapy
should be actively performed in combination with TACE in HCC patients with a history of
HBV/HCV infection [160] (level 3 evidence).

Summary of main points

TACE is one of the most commonly used nonsurgical treatments for HCC.

Indications and contraindications of TACE should be noted and followed.
Comprehensive angiography should be performed prior to TACE to fully understand the
tumor arterial blood supply, including the blood supply of the hepatic artery and ectopic
collateral branches.
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Superselective catheterization of the branches of tumor-feeding arteries with a micro-
catheter should be performed for chemoembolization.

cTACE is mainly performed with lipiodol emulsion containing chemotherapy drugs, and
the combined use with granular embolic agents such as gelatin sponge particles, blank
microspheres, and polyvinyl alcohol particles is associated with improved efficacy.
Devascularization of the tumor should be achieved to the greatest extent possible.
However, attention should be paid to the dose of lipiodol emulsion. The combined use of
lipiodol with granular embolic agents is associated with improved efficacy and reduced
complications.

TACE (including cTACE and DEB-TACE) must be administered based on standardized
and individualized regimens.

The combination of TACE with other treatment modalities should be advocated for better
outcome.

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

Radiation Therapy
Radiation therapy (abbreviated as radiotherapy) can be categorized into external radio-

therapy and internal radiotherapy. 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 implantation of radionuclides into the

tumor through body tracts or needle tracts.

External Radiotherapy

Indications for external radiotherapy: (1) CNLC Stage la HCC patients and a proportion
of patients with Stage Ib HCC. Stereotactic body radiation therapy (SBRT) can be
considered as an alternative treatment if surgical resection or local ablation therapy are
not clinically indicated or for patients unwilling to receive invasive treatment. SBRT is
associated with similar survival rates to surgical resection or local ablation therapy
[161-168] (level 2 evidence). (2) Patients with CNLC Stage IIa, IIb, and Illa HCC; there is
evidence that TACE in combination with external radiotherapy is associated with
improved local control rate and prolonged survival, as well as better efficacy than mono-
therapy with TACE or sorafenib or TACE in combination with sorafenib [164, 169-175]
(level 2 evidence). (3) Patients with CNLC Stage 1lIb HCC; for a proportion of patients
with oligometastasis, SBRT can be performed to prolong survival. External radiotherapy
can also be used to reduce pain, obstruction, or bleeding caused by lymph node, lung,
bone, brain, or adrenal metastasis [176-178] (level 3 evidence). (4) A proportion of
patients with initially unresectable HCC will gain the opportunity for surgical resection
after tumor shrinkage or downstaging as a result of radiotherapy [178-180] (level 2
evidence). External radiotherapy can also be used as a bridging treatment during the
waiting time for liver transplantation. For HCC with a narrow surgical margin (<1 cm
from the tumor), postoperative adjuvant radiotherapy can reduce the risk of local recur-
rence or distant metastasis and prolong progression-free survival [179, 180] (level 3
evidence).

Contraindications for external radiotherapy: external radiotherapy is not recommended
in 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 received by surrounding normal tissues, and the radiotherapy techniques used.
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The key points for performing external radiotherapy for HCC. (1) During preparation of
the radiotherapy plan, intrahepatic lesions should be defined by enhanced CT and, if
necessary, a wider range of radiographic images such as MRI should be consulted. The
regenerative ability of normal liver tissues can be taken into consideration. During radio-
therapy, a proportion of normal liver tissue should be preserved without being irradiated
to allow reproliferation. (2) The irradiation dose is closely related to survival time and
local control rate and is predominantly dependent on the tolerance dose of surrounding
normal tissues [161, 181]. The irradiation dose for HCC is recommended as 230-60 Gy
in 3 to 6 fractions for SBRT [182], 50-75 Gy for conventional fractionation radiotherapy
and 3 Gy x 6 fractions for neoadjuvant radiotherapy for tumor thrombi in the portal vein
[82]. (3) The tolerance of non-tumor tissues is associated with factors including the
radiotherapy segmentation method, Child-Pugh classification, normal liver (liver tumor)
volume, blood stasis of gastrointestinal tract, and coagulation function. (4) Radiotherapy
techniques for HCC; use of 3 dimensional conformal or intensity-modulated radiotherapy,
image-guided radiation therapy (IGRT), or SBRT is recommended. IGRT is superior to
non-IGRT techniques [161]. Helical tomotherapy is suitable for HCC patients with
multiple lesions. Respiratory motion is the main cause of liver tumor motion and defor-
mation during radiotherapy. Multiple techniques can be used to reduce the impact of
respiratory motion including respiratory gating techniques, real-time tracking, respi-
ration control, and internal target volume determination techniques based on abdominal
compression in combination with 4D CT [183]. (5) Currently, no high-level clinical
evidence is available to support the superiority of proton radiotherapy compared with
photon radiotherapy for survival rate in patients with HCC [164].

The main 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. (1) Typical RILDs include increased alkaline
phosphatase (AKP) > 2 times the ULN, jaundice-free ascites, and hepatomegaly. (2)
Atypical RILDs include AKP > 2 times the ULN, ALT >5 times the ULN or the pretreatment
level, and a reduction of 22 points in Child-Pugh Score but with the absence of hepato-
megaly and ascites. The diagnosis of RILD must exclude clinical symptoms and liver
dysfunction caused by progression of liver tumors, virus activation or drug toxicities
[178].

Internal Radiotherapy
Radioactive particle implantation is a method for the local treatment of HCC and includes

Y-90 microsphere treatment, iodine-131 monoclonal antibodies, radioactive lipiodol, and
iodine-125 seed implantation [37, 176, 177]. Particle implantation techniques include inter-
stitial implantation, portal vein implantation, inferior vena cava implantation, and intra-
biliary implantation for treatment of intrahepatic lesions, portal vein tumor thrombi, inferior
vena cava tumor thrombi, and intra-bile duct cancer or tumor thrombi, respectively. Strontium
chloride (89Sr) emits B rays and can be used for the targeted treatment of bone metastasis
from HCC [184] (level 3 evidence).

1.

Summary of main points

For patients with CNLC Stage Ia HCC and a proportion of patients with Stage Ib HCC SBRT
can be considered as an alternative treatment if surgical resection or local ablation
therapy is not clinically indicated or the patients are unwilling to receive invasive
treatment.

For patients with CNLC Stage Ila, IIb, and Illa HCC, TACE in combination with external
radiotherapy is associated with improved local control rate and prolonged survival and
can be used as appropriate.
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3. Patients with CNLC stage 11Ib HCC. For selected patients with oligometastasis, SBRT can
prolong survival and external radiotherapy can be used to reduce pain, obstruction, or
bleeding caused by lymph node, lung, bone, brain, or adrenal metastasis.

4. A proportion of patient will gain the opportunity for surgical resection after tumor
shrinkage or downstaging as a result of radiotherapy. External radiotherapy can also be
used as a bridging treatment before liver transplantation for HCC or used as adjuvant
treatment after resection with a narrow surgical margin.

5. The usual recommended radiation dose is 230-60 Gy in 3-6 fractions for stereotactic
body radiation therapy, and 50-75 Gy for conventional fractionation radiotherapy. The
irradiation dose is closely related to the survival of patients.

6. The dose tolerance of normal liver tissue is associated with radiotherapy segmentation
method, Child-Pugh classification, normal liver (liver tumor) volume, blood stasis of
gastrointestinal tract, and coagulation function.

7. 1GRT is superior to three-dimensional conformal or intensity-modulated radiotherapy.
SBRT must be performed under image guidance.

8. Radioactive particle implantation is a method for the local treatment of HCC. Strontium
chloride can be used for targeted treatment of bone metastasis from HCC.

Systemic Treatment

For patients with advanced HCC, effective systemic treatment is associated with reduced
tumor burden, improved tumor-related symptoms, improved quality of life, and prolonged
survival. Patients can participate in appropriate clinical trials if available systemic treatments
fail to produce a satisfactory outcome.

The indications for first- and second-line systemic treatments mainly include (1) CNLC
Stage I1la and IIIb HCC with vascular invasion or extrahepatic metastasis; (2) CNLC Stage IIb
HCC with local lesions that are unsuitable for surgical resection or TACE; (3) patients with
tumor thrombi in the main portal vein or inferior vena cava; (4) patients with obstructed
hepatic blood vessels after multiple sessions of TACE and/or progression after TACE. The
relative contraindications mainly include (1) ECOG PS score >2, Child-Pugh Score >7; (2)
moderate and severe bone marrow dysfunction; (3) significant abnormalities in liver and
renal function, for example, aminotransferase (AST or ALT) > 5 times the ULN and/or signif-
icantly increased bilirubin >2 times the ULN, serum albumin <28 g/L or Cr clearance rate
(CCR) <50 mL/min; (4) in the presence of infection, fever, active bleeding, or hepatic enceph-
alopathy. Traditional Chinese medicine (TCM) and best supportive care are recommended in
patients unable to tolerate or unwilling to receive first- and second-line systemic treatment.

First-Line Treatment

1. Sorafenib: numerous clinical studies have shown that sorafenib provides good survival
benefits in patients with advanced HCC in patients from a variety of countries and regions
and with different liver disease backgrounds [185, 186] (level 1 evidence). The recom-
mended sorafenib dose is 400 mg orally twice daily. 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 versus Child-Pugh Class B liver
function [187]. Adequate attention should be paid to the potential influence of sorafenib
on HBV activation and liver dysfunction and whole-course management of underlying
liver diseases is strongly advised. The most common adverse events associated with
sorafenib are diarrhea, weight loss, hand-foot syndrome, rash, myocardial ischemia, and
hypertension all of which generally occur within 2-6 weeks after the initialization of
treatment.

1
Karger <

707



Liver Cancer 2020;9:682-720 708

DOI: 10.1159/000509424 © 2020 The Author(s). Published by S. Karger AG, Basel
www.karger.com/lic

Zhou et al.: 2019 HCC Guidelines in China

Liver Cancer

2. Lenvatinib: lenvatinib is recommended for patients with unresectable CNLC Stage IIb,
[11a, and IIIb HCC with Child-Pugh Grade A liver function. A pivotal Phase III clinical trial
showed that first-line treatment with lenvatinib is noninferior to sorafenib in efficacy,
and provides survival benefits in HBV-related HCC [188] (level 1 evidence). Lenvatinib
has been approved for the treatment of patients with advanced HCC and Child-Pugh
Grade A liver function. The recommended dose is 12 mg orally per day for patients with
a body weight of 260 kg or 8 mg per day for patients with a body weight of <60 kg.
Common adverse events associate with lenvatinib include hypertension, diarrhea,
anorexia, fatigue, hand-foot syndrome, proteinuria, nausea, and hypothyroidism.

3. Systemic chemotherapy: in China, the FOLFOX4 regimen has been approved for the
treatment of locally advanced and metastatic HCCs unsuitable for surgical resection or
local treatment [189, 190] (level 1 evidence). Furthermore, numerous phase II studies
have shown that oxaliplatin-containing systemic chemotherapy in combination with
sorafenib is associated with improved objective response rate, prolonged progression-
free survival and overall survival, and a good safety profile [191] (level 3 evidence). This
combination therapy can be considered in patients with adequate liver function and good
performance status; however, randomized controlled trials are still required to provide
high-level evidence to support this approach. In addition, arsenic trioxide has been shown
to have a palliative effect on advanced HCC [192] (level 3 evidence), However, hepa-
torenal toxicity should be monitored and prevented during clinical use.

Second-Line Treatment

1. Regorafenib: regorafenib has been approved for the treatment of patients with CNLC
Stage I1b, I11a, and I1Ib HCC who have been previously treated with sorafenib [193] (level
1 evidence). The recommended dose is 160 mg once per day in cycles of 3 weeks on/1
week off treatment. In China, regorafenib can be initiated at a dose of 80 or 120 mg once
per day, followed by gradual dose escalation based on the patient’s tolerability. The
common adverse events are hypertension, hand-foot skin reaction, weakness, and
diarrhea.

2. Other second-line treatment regimens: the US FDA has approved the immune-checkpoint
inhibitors nivolumab andpembrolizumab for the treatment of patients with HCC who
have progressed on previous sorafenib treatment or cannot tolerate sorafenib [194, 195]
(level 2 evidence). Currently, clinical studies are being conducted to evaluate immune-
checkpointinhibitors developed by Chinese pharmaceutical companies including camrel-
izumab, toripalimab, and sintilimab. In addition, research is also in progress to inves-
tigate combination treatment regimens that employ immunotherapy together with other
targeted therapies, chemotherapy drugs and locoregional treatments. Inmune-related
adverse events (irAEs) can occur in skin, neuroendocrine, gastrointestinal, hepatic,
pulmonary, cardiac, and renal systems. Special attention should be paid to serious adverse
reactions, including immune enteritis, pneumonia, hepatitis, and myocarditis. In general,
moderate or severe irAEs require discontinuation of immune-checkpoint inhibitors and
initialization of glucocorticoid immunosuppressive therapy. Management may vary
depending on the site and severity of the adverse reactions [196-198]. Other immuno-
modulators such as interferon-a and thymosin-al [112, 199] and cellular immuno-
therapy such as chimeric antigen receptor T (CAR-T) cell therapy [200] and cytokine
induced Kkiller (CIK) cell therapy [201] have been shown to have antitumor effects in
preliminary studies. However, large clinical trials are still needed for validation of these
effects. In addition, the US FDA has approved cabozantinib for patients with progression
after first-line systemic treatment [202] (level 1 evidence) and ramucirumab for second-
line treatment in patients with a serum AFP level 2400 ng/mL [203, 204] (level 1
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evidence). However, the 2 drugs have not been marketed in China. Clinical studies of
second-line treatment with apatinib, a locally developed small molecule anti-angiogenic
targeted drug, in HCC patients are under way.

Other Treatments

1. TCM Treatment with TCM can improve clinical symptoms, enhance the immunity of the
human body, reduce adverse reactions from radiotherapy and chemotherapy, and improve
the quality of life of patients. (1) TCM treatment based on syndrome differentiation [205]:
syndrome of liver depression and spleen deficiency, syndrome of liver-gallbladder
dampness heat, syndrome of liver heat and blood stasis, syndrome of spleen deficiency and
dampness stagnation, and syndrome of liver-kidney yin deficiency. (2) TCM preparations:
In addition to using traditional treatment based on syndrome differentiation and oral
administration of decoction, the China Food and Drug Administration has approved several
modern Chinese herbal preparations such as Huaier granules for adjuvant treatment after
surgical resection [206] (level 1 evidence). In addition, Elemene, Cinobufagin, Kanglaite,
Kangai, Ganfule Capsule, Jinlong Capsules, Aidi Injection, Brucea Javanidasca oil, and
compound Mylabris capsules are used to treat HCC [207-213] (level 4 evidence) with rela-
tively good compliance, safety and tolerability. However, further standardized clinical
research is needed to provide high-level evidence-based support for these approaches.
(3) Characteristic treatment based on TCM. (A.) Acupuncture treatment: According to
the condition of the disease and the actual clinical situation, it is appropriate to apply body
acupuncture, scalp acupuncture, electroacupuncture, ear acupuncture, wrist-ankle
acupuncture, eye acupuncture, moxibustion, acupoint catgut embedding, acupoint plaster,
auricular point pressing with bean, cupping, and other methods. The acupuncture mainly
applies on the points of Ganshu and Zusanli (ST36) and is assisted by Yang Lingquan
(GB34), Qi Men (LR14), Zhang Men (LV13), San Yinjiao (SP6), etc. For acupoint plaster, the
major points are Zhang Men (LIV13), Qi Men (LIV14), Ganshu (BL18), Nei Guan (PC6) and
Gong Sun (SP4), and the assisting points, especially for those patients experiencing pain,
are Wai Guan (S]5), Zusanli (ST36), and Yang Lingquan (GB34) and for patients with ascites
are Qi Hai (CV6), San Yinjiao (SP6), Yin Lingquan (SP9), etc. (B.) Other treatments: according
to the patient’s condition, it is appropriate to use traditional Chinese medicine or propri-
etary Chinese medicine functioning as promoters of blood circulation and to remove blood
stasis, clear heatand detoxification for external application treatment, soaking and washing,
fumigation and washing, etc.

2. Antiviral treatments and other liver-protecting treatments: for HCC patients with HBV
infection, in particular with active replication, oral antiviral treatment with nucleoside
(acid) analogs should be performed through the entire duration of treatment for HCC. It is
recommended to select potent drugs with a low rate of resistance such as entecavir, teno-
fovir disoproxil, or tenofovir alafenamide [214] (level 1 evidence). Antiviral treatment with
direct-acting antiviral agents (DAAs) or pegylated interferon-a in combination with riba-
virin [215, 216] are recommended in patients with HCV-related HCC with active hepatitis
(level 1 evidence). 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 needed. The functions of these drugs are anti-inflammatory,
enzyme-reducing, anti-oxidative, detoxifying, cholagogic, and for hepatocyte membrane
repair and protection. Liver-protecting drugs include magnesium isoglycyrrhizinate
injection, diammonium glycyrrhizinate, compound glycyrrhizin, bicyclol], silymarin, reduced
glutathione, ademetionine, ursodeoxycholic acid, polyene phosphatidylcholine, and ulina-
statin. These drugs are associated with protection of liver function, increased treatment
safety, lower rates of complications, and improved patient quality of life.
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Symptomatic supportive treatment: best supportive care should be performed in patients
with advanced HCC including analgesic treatment, correction of anemia and hypoalbu-
minemia, enhanced nutritional support, blood sugar control in patients with diabetes,
and management of complications. Common complications include ascites, jaundice,
hepatic encephalopathy, gastrointestinal bleeding, and hepatorenal syndrome. Bisphos-
phonates can be used in patients with bone metastasis. In addition, adequate rehabili-
tation exercise can increase patient’s immunity. Meanwhile, physicians should pay
attention to the mental state of their patients and their families and take active measures
(including medical therapy) to manage the patient’s psychological state and reduce
depression and anxiety through palliative treatment and care.

Response evaluation for systemic treatment: Currently, response evaluation using
RECIST 1.1 is mainly performed in patients receiving systemic treatment. mRECIST can
be concurrently used to evaluate treatment response in patients receiving anti-angio-
genic therapies. iRECIST can be used to evaluate response in patients receiving treatment
with immune-checkpoint inhibitors [217].

Summary of main points

Patients with advanced HCC and no contraindications are encouraged to participate in
clinical trials.

The indications for palliative first- and second-line systemic treatments mainly include
(1) patients with CNLC Stage I1la and IIIb HCC with vascular invasion and/or extrahepatic
metastasis; (2) patients with CNLC Stage IIb HCC with local lesions that are unsuitable
for surgical resection or TACE; (3) patients with tumor thrombi in the main portal vein
or inferior vena cava; (4)patients with obstructed hepatic blood vessels after multiple
TACE procedures and/or progression of disease after TACE.

Sorafenib, lenvatinib, or oxaliplatin-containing systemic chemotherapy can be selected
for first-line treatment.

Regorafenib can be selected for second-line treatment.

TCM and best supportive care are recommended in HCC patients unable to tolerate or
unwilling to receive first- or second-line systemic treatment.

Management of underlying liver diseases, including antiviral treatment, liver protection,
and cholagogic treatments and supportive symptomatic treatment should be performed
as appropriate in addition to antitumor treatment.

Treatment for Rupture of Liver Tumors
Rupture of liver tumors is a potentially fatal complication of HCC. The in-hospital mortality

of simple conservative treatment for a ruptured tumor is extremely high. Therefore, after the
success of initial rescue measures, the patient’s hemodynamics, liver function, general health
status, and possibility of removal of the tumor should be fully evaluated to plan an individu-
alized treatment regimen [218-221].

1.

Surgical resection is the first choice in patients with a resectable liver tumor, good liver
reserve function, and stable hemodynamics [222, 223] (level 2 evidence).

TAE is the first choice in patients with poor liver reserve function and unstable hemody-
namics who are unsuitable for surgery [224] (level 4 evidence).

In cases where it is not possible to fully evaluate liver function and liver tumors due to
limitations of emergency conditions, TAE can be performed first. Corresponding
treatment regimens can subsequently be selected based on a follow-up evaluation. Signif-
icant survival benefits can be obtained if a second-stage surgical resection is performed
[223] (level 2 evidence).
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