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Abstract: Hepatocellular carcinoma (HCC) is one of the leading lethal tumors worldwide, and the treatment remains a great medical
challenge. Surgery and chemotherapy are current standard curative methods for patients with HCC, but the prognosis is still dismal.
Based on unique medical theories and rich practical experience, traditional Chinese medicine (TCM) has been broadly employed to
effectively treat HCC for a long history. Recently, systematic clinical trials have been well designed to study the efficacy of TCMs in
the treatment of HCC, and the underlying antitumor mechanisms were also deeply explored. Here, we reviewed the published clinical
evaluation of some commonly used TCMs in the treatment of HCC, and the related anti-HCC mechanisms through in vitro and in vivo
study, promoting the modernization of TCM study in oncology for achieving a substantial reduction of HCC burden in the future.
Keywords: traditional Chinese medicine, hepatocellular carcinoma, antitumor mechanism, tumor therapy, active ingredient

Introduction

Hepatocellular carcinoma (HCC) ranks the sixth most common malignant neoplasm and the third cancer-caused death
worldwide.! Epidemiology demonstrated that the incidence of HCC is still rapidly increasing globally, especially in
Europe and the United States.” Although multiple noninvasive imaging-based surveillance avenues have been developed
for the diagnosis of HCC, the beneficiary effect is limited by the uncertain presentation of HCC pathological changes in
early stage.® Surgical resection and liver transplantation are the current standard curative avenues for patients with
regional HCC in early stage. However, the medical difficulties including high frequency of postoperative recurrence and
the scarcity of donor liver resource seriously weaken the therapeutic efficacy on patients.* Multi-kinase inhibitors
including sorafenib and regorafenib have been approved to treat the unresectable or advanced HCC, but the improvement
of patient survival quality is restricted due to drug resistance caused by the long-term administration.” Therefore, other
effective alternative therapeutic strategies with lower cost and fewer side effects are urgently required for the treatment
of HCC.

Traditional Chinese medicine (TCM) has a long history for the treatment of cancer including HCC. The plethora of
accumulated experience in the long-term therapeutic practice promotes the construction of unique medical theories of
TCM. The holism of human body and the concept of treatment according to syndrome differentiation are the central
foundation of these theories and become the vital principle of TCM in the diagnosis and treatment of cancer. In these
theories, liver is the soul of the human body, functioning to store the blood, control the sinews, and maintain a smooth
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and uninterrupted flow of ¢i.® HCC is the consequence of systemic disease with causative cumulative toxicity, vital gi
deficiency and gi flow stasis, leading to the disequilibrium of yin and yang. Therefore, the purpose of TCM treatment is
to restore the balance of yin and yang in the body and keep the smooth flow of gi. The strategy of TCM in the treatment
of HCC is to exert multiple methods according to different syndromes while treating the patients as a whole at the same
time. Treatment methods, including nourishing yin, heat-clearing and detoxifying, invigorating blood and removing
stasis, softening and resolving hard mass, and soothing liver gi stagnation, are correspondingly used upon these TCM
theories to effectively improve the overall survival of patients with HCC.’

Formula (Fufang) that integrates several herbal medicines according to syndrome differentiation is the main TCM
prescription used in the therapy of disease. Although many effective formulas have been empirically proven to retard
HCC progression and prevent HCC occurrence, the absence of scientific clinical evaluation hampers the standardization
and modernization of TCM for the broad clinical application. Moreover, the complexity of innumerous ingredients in the
formulas is also the obstacle to elucidate the antitumor mechanism of TCMs. Recently, as the important role of TCM in
the treatment of HCC has been increasingly highlighted, well-designed clinical trials have been performed to evaluate the
efficacy of several approved TCMs.*? In addition, the pharmacological action of TCMs and their active components has
been investigated for understanding the antitumor mechanisms. In this review, we summarized the published clinical
evaluation of some formulas in the treatment of HCC, and the exploration of related underlying anti-HCC mechanisms,
promoting the modernization of TCM development.

Clinical Evaluation of the Efficacy of TCMs

As mentioned above, one of the major obstacles that hampers the modernization of TCMs is failing to identify
pharmaceutical effects of the active component in the formulas, and few prescriptions have been put into scientifically
rigorous clinical evaluation on their efficacy. Recently, this situation has gradually improved, and increasing clinical trials
have been designed to evaluate the therapeutic effect of many TCMs by virtue of double blindness, control and
randomization. Some traditional formulas and TCM products have been examined for their anti-HCC effect in clinical
trials. Here, we review the clinical evaluation outcome of their pharmaceutical efficacy in the treatment of HCC
(Table 1).

Table | Clinical Studies on the Efficacy of TCM in the Treatment of HCC

Medication | Patients Enrolling Condition Effect Reference
(Cases)
Huaier 686 Patient underwent curative Reduce recurrence rate and prolong recurrence-free survival [14]
granule resection of HCC
62 Patients diagnosed with HCC Prolong survival, reduce the number of interventional [16]
treatment and improve the tumor response rate
JPLQ 150 Patients with unresectable HCC Relieve the Postembolization syndrome, improve the QoL of [17]
who had received TACE treatment patients after TACE, and repair liver function damage
CHHJ 125 Patients with unresectable HCC Improve 3-year overall survival and reduce the occurrence of [19]
who has received TACE treatment side effects after TACE
BXXX 68 Adults with advanced HCC Achieve the median PFS of 6.07 months [20]
ESQJR 137 Patients with HCC underwent Improve the prognosis and tumor recurrence [21]
tumor resection
Jie Du 177 Patients with advanced HCC Prolong survival of patients with advanced HCC [23]
granule
190 HCC patients with PVTT Prolong survival in HCC-PVTT patients [24]

Abbreviations: HCC, hepatocellular carcinoma; TCM, traditional Chinese medicine; TACE, transcatheter arterial chemoembolization; JPLQ, Jian Pi Li Qi decoction; CHHJ,
Chaihu Huaji decoction; BXXX, Banxia XieXin decoction; ESQJR, Erzhu Qinggan Jiedu Recipe; PFS, progression-free survival; QolL, quality of life.
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Huaier granule is the water-resolving products made of Huaier, trametes robiniophila murr, a genus of parasitic fungi
growing on aging Chinese cassia trees. This TCM is approved to be used alone or combined with other drugs in the
treatment of malignant tumors. Increasing studies demonstrate that the antitumor effect of Huaier granule may be
associated with multiple biological activities, such as inhibition of cell proliferation,'® anti-metastasis,'! interference of
tumor angiogenesis'? and modulation of tumor-specific immune response.'® In recent years, more and more interest has
been attracted to the role of Huaier granule in the treatment of HCC, and some clinical trials have been designed to
evaluate the anti-HCC effect. A multicenter, randomized clinical trial enrolling 686 patients with HCC have proved the
pharmacological activity of Huaier granule to effectively prolong recurrence-free survival by reducing intra- and extra-
hepatic recurrence after curative resection of HCC.' The adjuvant therapy of TCMs for unresectable HCC upon
transarterial chemoembolization (TACE) was investigated by a meta-analysis of randomized controlled trials.'> In the
clinical trial conducted by Zhao et al, 62 patients with primary hepatic carcinoma were enrolled in the treatment using
GSP-TACE combined with Huaier granule.'® The result of 42 month-lasting follow-ups showed the safety and efficacy of
the combinatory regimen in the treatment of HCC.

Jian Pi Li Qi decoction (JPLQ) is one of the prescriptions of TCM that is commonly used to treat liver diseases in
China. Documents evidenced that JPLQ could improve liver function and alleviate immune system impairment caused by
toxins or chemical reagents. Further study showed that JPLQ could exert adjuvant function to enhance the anti-HCC
effect in the combination of other antitumor remedies. A randomized, double-blind, placebo-controlled clinical trial was
conducted in the cohort enrolling 150 patients with HCC who had received the therapy of TACE.!” Compared with
control and placebo groups, JPLQ treatment could significantly relieve postembolization syndromes (PES) such as fever,
pain, fatigue, lack of appetite, drowsiness, dry mouth, and constipation, and ameliorate the liver function damage caused
by TACE as well. This outcome demonstrated that JPLQ decoction may serve as an effective modality to relieve PES and
protect liver function to improve life quality of patients with HCC after TACE.

Chaihu Huaji decoction (CHHJ) is the prescription composed by Xiaochaihu-tang, an ancient classic Chinese herbal
formula, and Huayu pill. The herbal medicine Xiaochaihu-tang is popular in the countries of East Asia and widely used
in the treatment of hepatitis and liver cirrhosis with the activity of inhibiting inflammation and HCC progression.'®
Huayu pill is able to mitigate blood stasis and reduce toxicity in liver disease. Accordingly, CHHJ has the synthetic
pharmacological effect from both by integrating liver protection and blood flow improvement. In a retrospective study,
a cohort of 125 HCC patients who have received TACE treatment was recruited to investigate the complementary
efficacy of CHHJ on the unresectable HCC. The result showed that CHHJ treatment could effectively alleviate the
symptoms fever, nausea, vomiting, poor appetite, and leukocytopenia. In the follow-up, CHHJ could significantly
prolong the 3-year overall survival probability in patients compared with control groups.'® This clinical trial supported
that CHHJ has the ability to prevent adverse events after TACE and prolong overall survival of unresectable HCC
patients when combined with TACE.

Banxia Xiexin decoction (BXXX) is originated from an old Chinese formula that was created by the famous doctor
Zhang Zhongjing in Han dynasty. The first purpose of BXXX was to treat digestive diseases such as bloating and
abdominal pain, and the usage has a long history of more than 1800 years. Recently, it has been found that BXXX could
relieve the symptoms of patients with advanced liver cancer, inhibit tumor growth, and prolong survival in a retrospective
study. Moreover, Wang et al conducted a clinical trial to evaluate the efficacy and safety of BXXX as monotherapy for
patients with advanced HCC.?® In the study, BXXX monotherapy exhibited the median progression-free survival (PFS)
of 6.07 months, whereas sorafenib, the first-line treatment of advanced HCC, displayed the median PFS of 2.8 months in
China. These findings suggested that the efficacy of BXXX may be superior to that of sorafenib in patients with advanced
HCC, although this was not a direct comparison. In addition, no drug-related serious adverse events were observed
during the study. Therefore, BXXX is considered as a safe and effective alternative medicine for HCC treatment, and
much precise and detailed study is further required.

Erzhu Qinggan Jiedu Recipe (ESQJR) is the prescribed formula of Chinese herbal medicine in Shuguang Hospital
affiliated with Shanghai University of Traditional Chinese Medicine and has been used as a complementary regimen to
treat patients with postoperative HCC for many years. Clinical observation showed that ESQJR treatment could reduce
the HCC recurrent rate and prolong life survival. In a retrospective study, 137 patients who underwent HCC resection
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were enrolled and divided into two groups: 68 patients treated with western medicine and 69 patients treated with
western medicine plus ESQJR.?' Compared with the western medicine group, the combinational treatment exhibited the
reduction of cumulative recurrence rate, extension of overall survival and disease-free survival, and improvement of life
quality and liver function of patients. Therefore, the clinical investigation confirmed the phenomenon that ESQJR
functions as an adjuvant therapy to favor the rehabilitation of resected HCC patients.

Jie Du granule is the preparation of Chinese herbal medicine composed of Salvia chinensis Benth, root of Actinidia
valvata, bulb of Cremastra appendiculata, and ventriculi galli mucosa. Many evidence in clinical application demon-
strated that Jie du granule exerts cancer-fighting activity by inhibiting the proliferation of liver cancer. Among the
ingredients, Salvia chinensis Benth and bulb of Cremastra appendiculata showed effective anti-angiogenesis and
cytotoxic activity against Bel-7402 and SMMC-7721 HCC cells.** Extracts of Actinidia valvata could inhibit tumor
growth of transplanted H22 HCC cell in mouse model. Chen et al have performed a clinical retrospective study to
evaluate the HCC-inhibitory efficacy of Jie du granule preparation alone.*> Compared to other best supportive treatments,
Jie Du granule significantly prolonged the overall median survival of patients with advanced HCC. Besides the study of
monotherapy, the complementary effect of Jie Du granule combined with other anti-HCC treatments was also evaluated
in another retrospective research.”* The result indicated that Jie Du granule could increase the median overall survival
from 11.3 months to 15.8 months for patients with advanced HCC who were treated with TACE plus gamma knife
radiosurgery (GKR). Importantly, no adverse events occurred to induce death, suggesting that Jie Du granule acts as
a safe and effective adjuvant alternative regimen to enhance the curative efficacy of HCC.

The Mechanisms of TCM Underlying HCC Treatment

Currently, the pharmacological mechanisms of TCM for treating HCC are continuously being explored in numerous
studies. Multiple types of HCC cell lines in vitro and diverse animal models in vivo are used to discover the different
anticancer mechanisms of medicines. Using these models, TCM has been studied in monotherapy in the form of active
monomer, preparation and formula, or in combinational therapy with other avenues. Many experimental studies
demonstrate that TCMs possess properties of targeting the tumor cells or modulating the tumor microenvironment
through the regulation of a series of mutually interrelated biological pathways. Here, we elaborate the published
mechanisms of TCM underlying HCC treatment in two aspects. One is the direct action on cancer cells to inhibit
tumor growth through the cytotoxic effects. The other is the immunomodulation to stimulate the immune response
to HCC.

Targeting of Tumor Cells

Direct killing tumor cells is one of the key functions of TCM on the HCC suppression, as evidenced by the short-term
cell viability assay and long-term clonogenic assay. Further experimental studies demonstrate that TCM exhibits anti-
HCC activity through multiple ways, including proliferative inhibition, cell cycle arrest, apoptotic induction, pyroptosis,
ferroptosis, autophagy, anti-oxidative effect, metastatic suppression, and anti-angiogenesis (Figure 1). Generally, TCM
may function to affect one or more above mentioned process by targeting the signaling molecules.

Inhibition of Cell Proliferation
Cell proliferation is an important physiological process in organism that is regulated by multiple signaling molecules in
cells. Various carcinogenic risk factors induce the dysregulation of these molecules, leading to abnormal uncontrolled cell
proliferation and final tumorigenesis. It is evidenced that the mechanism of TCM to inhibit tumor growth is involved in
the abrogation of abnormal molecular signaling pathway, restoring the balance between cell proliferation and death.
Bufalin is the major bioactive component of the TCM Chansu, and proven to have antitumor activity. Several studies
demonstrated that bufalin could inhibit HCC cell proliferation in vitro and HCC growth in vivo by targeting the cell-cycle
related kinase (CCRK). CCRK functions as an oncogene to promote cell proliferation by activating B-catenin/TCF
signaling pathway. In HCC cells and tumor tissues, bufalin treatment could significantly downregulate CCRK expression,
concomitant with the decrease of B-catenin and their downstream effectors CCND1 and EGFR. Therefore, bufalin
suppresses HCC proliferation by inactivating CCRK-driven B-catenin/TCF signaling.>> Studies have shown that in male
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Figure | The inhibitory effect of Chinese herbal compound and monomers on HCC. Chinese herbal medicine inhibits the occurrence and development of HCC through
multiple mechanisms such as inhibition of cell proliferation, cell cycle regulation, induction of apoptosis, inhibition of cells metastasis, induction of autophagy and inhibition of
angiogenesis. Created with BioRender.com.

Abbreviations: HCC, Hepatocellular carcinoma; TCM, traditional Chinese medicine; CCRK, cell-cycle related kinase; GPX4, glutathione peroxidase 4.

HBYV carriers, the activation of androgen receptor (AR) is closely related to the risk of HCC. Bufalin could effectively
block HBV X protein-induced AR/CCRK/B-catenin signaling, which subsequently led to cell cycle arrest and prolif-
erative suppression in HBV-associated HCC cells.?

Wogonin is the natural ingredient isolated from Scutellaria baicalensis, and acts as a commonly used phytochemical
with significant anti-carcinogenic and cancer-preventing activity. A study demonstrated that wogonin suppressed the
proliferation of MHCC97L and HepG2 HCC cells by downregulating the expression of cyclinD1.>” In-depth study
showed that wogonin-induced cyclinD1 proteolysis was associated with the activation of glycogen synthase kinase-3 beta
(GSK3p). The site-directed mutagenesis assay validated that wogonin directly bound to GSK3p with high affinity. The
result confirmed the molecular mechanism of wogonin to suppress HCC proliferation by targeting the regulation of
GSK3p activity.

Pien Tze Huang (PZH) is an ancient well-known Chinese formula composed of Panax notoginseng, Moschus,
Calculus bovis, and Snake gall.*® Studies demonstrated that PZH can treat various types of cancer and has exhibited
promising therapeutic effects in clinical trials of HCC. According to the proteomics analysis of the tumor tissues from
HCC xenograft Balb/c mice, PZH treatment can regulate 20 signaling pathways associated with inflammation, cancer
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growth and cell cycle.?’ In the detection of protein expression, PZH decreased the expression of IL-6 and TNF-a in the
inflammation-related pathways, thus inhibiting inflammation and tumor growth. In addition, PZH also upregulated the
phosphorylation of CCNB1 and FOXO3, and downregulated the phosphorylation of STAT3, leading to the decrease of
cell number in S phase and the increase in G2/M phase. Therefore, PZH exhibited antitumor activity in HCC by targeting
multiple signaling pathways involved in the inflammation-associated cytokine secretion, cancer growth pathways, and
induction of G2/M arrest.

Zuojin pill (ZJP) is a classic Chinese medicine formula composed of two herbs Coptidis rhizoma and Evodiae fructus.
Alkaloids are proven to be the primary active compounds of ZJP and exhibit multiple pharmacological effects against
cancer via targeting various signaling pathways.*® Using TCM pharmacological database and integrated database, a total
of 224 compounds in ZJP were screened, among which 32 bioactive compounds were chosen to correspond to 86 targets
in the compound-target analysis. Further analysis showed that MAPK1, PIK3CA, EGFR, CCNDI, and NFKBIA were
identified within these targets to be highly expressed in HCC cells and played an essential role in cell proliferation and
survival. ZJP treatment could inhibit HCC cell proliferation and tumor growth, concurrent with the decrease of MAPK1,
PIK3CA, EGFR, CCNDI1, and NFKBIA. These in vitro and in vivo experiments validated ZJP exerts prominent
therapeutic effects on HCC mainly through the regulation of the EGFR/MAPK, PI3K/NF-kB, and CCNDI1 signaling
pathways.>!

Resveratrol is a natural product originally isolated from the roots of white hellebore and often used to treat liver
disease. Several studies have evidenced that resveratrol exerts antitumor effect on HCC cells by inhibiting cell
proliferation, invasion and migration. Zhang et al found that resveratrol treatment could upregulate p53 expression and
downregulate Akt phosphorylation in MHCC97 HCC cells, leading to the suppression of cell proliferation through the
induction of autophagy.** In another study, MARCH1 was found to be a crucial oncogene to promote HCC progression
of HepG2 and Hep3B cells via activating PTEN/Akt signaling. Resveratrol treatment could decrease the expression of
MARCHI and thus resulting in the inhibition of HCC proliferation, migration and invasion.>

Cell Cycle Regulation

Cell cycle is an important regulatory pattern of cell proliferation and differentiation involved in physiological processes
such as embryonic generation, tissue formation and organ development. It is precisely regulated by a network composed
of some key molecules, so-called checkpoints, including cell-cycle dependent kinase and cyclin.>* Once the abnormality
occurs in any link of the network, it causes cell cycle disorder and uncontrolled cell growth. Evidence demonstrates that
cancer is a type of uncontrolled growth, and the disorder of cell cycle promotes the excessive proliferation of tumor cells
including HCC. These aberrant signaling molecules provide a potential source of targets for cancer therapy.

Raddeanin A (RA) is one of the major active monomers extracted from Anemone raddeana regel. It was reported that
RA holds antitumor function by prohibiting proliferation, invasion, migration, adhesion of tumor cells. A study regarding
the combinational therapy showed that RA exerted synergistic effect on cisplatin in the treatment of high-risk metastatic
QGY-7703 HCC cell by activating p53 and Bax.>> The upregulation of p53 and Bax increases the proportion of tumor
cells in GO/G1 phase and decreases those molecules in S phase. This induction of cell cycle arrest caused by RA
strengthens the proliferative inhibition of cisplatin.

Osthole, a bioactive coumarin derivative, is a Chinese herbal medicine that is reported to exhibit various pharma-
cological functions. Previous studies have shown osthole possess hepatocellular protective properties and antitumor
activity. In the research of TCM against HCC, Lin et al found that osthole could inhibit cell proliferation and migration
in SMCC-7721, MHCC-97H, HCC-LM3 and BEL-7402 HCC cells.>® Cell cycle checkpoints Cdc2 and cyclinB1 were
found to be highly expressed in these HCC cells, while osthole treatment could downregulate their expression. Targeting
Cdc2 and cyclinB induced cell cycle arrest of HCC cells in G2/M phase, leading to the suppression of HCC
proliferation.

Aloperine (ALO) is a quinolizidine alkaloid extracted from Sophora alopecuroides, which exerts anti-neoplastic
effect on a variety of cancer cells including HCC. Researches demonstrated that activation of PI3K/Akt signaling
pathway was associated with abnormal cell cycle progression and cell proliferation in HCC. ALO was found to inhibit
the activity of PI3K/Akt signaling by decreasing the level of p110a, p85, Akt and p-Akt in Hep3B and Huh7 HCC cells,
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thus leading to cell cycle G2/M phase arrest.’” Moreover, inhibition of Akt by siRNA augmented the effect of ALO on
the suppression of HCC proliferation and growth in vitro and in vivo, further supporting the mechanism of ALO to
inhibit HCC proliferation through the induction of cell cycle arrest.

Induction of Apoptosis

Apoptosis, known as programmed cell death, is defined as cellular self-restricted regulation in the process of develop-
ment and aging to keep dynamic balance of cell in physiological condition.*® Multiple events such as cellular stress,
DNA damage and immune surveillance could induce apoptosis through the regulation of several intrinsic and extrinsic
signaling pathways. In tumorigenesis, apoptosis acts as a defensive avenue to protect the tissues by eliminating
deleterious cells in the lesion. Cancer cells tend to develop the ability to evade the induction of apoptosis, thus resisting
the remedy of therapeutic agents.>” Therefore, it is one of the important antitumor mechanisms of TCM to induce cancer
cell death via targeting the apoptotic-related signaling.

Curcumin is the principal polyphenolic curcuminoid isolated from the plant Curcuma longa.*® Tt has been reported
that curcumin treats HCC in terms of induction of apoptosis. An analysis of different gene expression indicated that
curcumin inhibits cell proliferation of PLC5 HCC cells by downregulating TGF-B signaling, and CDKN1A and CTGF
are proved to be the key targets of curcumin in the TGF-f signaling. Inhibition of CDKN1A and CTGF by curcumin
induced apoptosis in HCC cells, leading to the suppression of tumor growth.*'

Celastrol is the plant compound extracted from the roots of Celastrus regelii, which exerts beneficial effects on
a variety of cancers in clinical trials. In a study, chemokine CXCR4 was identified as the target of celastron in the
treatment of HCC. CXCR4 could promote cell proliferation and apoptotic suppression through the upregulation of PI3K/
Akt signaling. Celastrol treatment inhibited the activity of PI3K/Akt signaling via reducing the expression of CXCR4,
thus inducing apoptosis and tumor suppression in HCC.*? In addition, STAT3 was also proved to be another target of
celastrol for the induction of apoptosis. Celastrol blocked the activity of STAT3/JAK2 signaling by directly inhibiting
STAT3, leading to the suppression of tumor growth in the xenograft HCC mouse.*

Icaritin is a prenylflavonoid derivative from Epimedium genus that has been used as an anticancer agent for various
cancers including HCC. Icaritin treatment could upregulate the cleavage of caspase 3, the marker of apoptosis, in PLC5
and Huh7 HCC cells. In addition to the caspase-dependent pathway, icaritin was also confirmed to induce apoptosis
through the regulation of IL-6/Jak2/Stat3 pathway.** Moreover, icaritin provoked the immunogenic cell death associated
with apoptosis and mitophagy, leading to the immune response to HCC.*

Polygonum multiflorum (PMT) is a member of Polygonaceae, and the tuberous root is the main medicinal part of TCM
used to constitute many formulas such as Jiangzhining and Yiganning granules.*® PMT is usually processed before prescrip-
tion preparation, and processed PMT displays the property of liver tonification. Evidence demonstrated that processed PMT
exerts anti-HCC effects by inhibiting cell proliferation and invasion and promoting apoptosis. At present, 133 chemical
components have been isolated from processed PMT, which contain anthraquinones, lecithin, polysaccharides and tannins.*’
Emodin, as one of the major components extracted from processed PMT, induces tumor cell death by regulating multiple
signaling pathways. It has been reported that emodin initiates apoptotic pathway by inhibiting PI3K/AKT and ERK signal
transduction. Another study indicated that emodin shows the ability to increase HCC sensitivity to Fas and TRAIL-mediated
apoptosis by inhibiting casein kinase 2 (CK2).** Moreover, emodin inhibits the activity of VEGFR2/ERK1/2 pathway by
promoting miR-34a-mediated signal transduction, thus blocking the migration and invasion of MHCC-97H HCC cells.*’
Physcion is another crucial component of processed PMT, which could inhibit cell proliferation of Huh7 and Bel-7402 HCC
cells through the promotion of AMPK phosphorylation and Caspase family-mediated apoptosis pathway.50 In addition,
physcion could inhibit Notch3 and p-AKT expressions via regulating Notch3/AKT pathway, leading to the reduction of liver
cancer cells and reversal of drug resistance to sorafenib.”’ Therefore, PMT has been confirmed to be a potent antitumor TCM
in the treatment of HCC through multiple pharmacological mechanisms.

Induction of Pyroptosis
Pyroptosis, also known as cellular inflammatory necrosis, is a new form of programmed cell death characterized by the
activation of a strong inflammatory response via the production of danger-associated signaling molecules and
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cytokines.’> Gasdermin D (GSDMD) and gasdermin E (GSDME), the members of gasdermin family, function as the
hallmark for the provocation of pyroptosis through the proteolytic fragmentation catalyzed by caspase 1/4/5/11 and
caspase 3, respectively.”>>* Recently, some studies found that the expression profile of pyroptosis-related molecules can
reflect the pathological status of cancer.”* Thus, the regulation of pyroptosis is a promising avenue for TCMs and their
active compounds to suppress HCC development.

Miltirone is a derivative of phenanthrene-quinone isolated from the root of Salvia miltiorrhiza Bunge, which has been
found to possess antitumor activity.”> A study conducted by Zhang et al demonstrated that miltirone could suppress
phosphorylation of mitogen-activated and extracellular signal-regulated kinase (MEK) and extracellular regulated protein
kinases 1/2 (ERK1/2), leading to the reduction of cell viability of HeG2 and Hepal-6 HCC cells. This effect was
associated with the caspase 3-mediated proteolytic cleavage of GSDME, and knockdown of GSDME could switch
miltirone-induced cell death from pyroptosis to apoptosis. Therefore, miltirone was proved to be a potential therapeutic
agent for the treatment of HCC via GSDME-mediated pyroptosis.

Cannabidiol (CBD), a phytochemical derived from Cannabis sativa, has been shown to display the antitumor property
in a variety of cancers.’® Increasing studies demonstrated that CBD and other cannabinoids could function to induce cell
growth arrest, retard cell metastasis and stimulate cell apoptosis, resulting in the suppression of tumor progression.’’
Recent study has evidenced that CBD effectively suppressed HCC cell growth in vivo and in vitro, while GSDME
knockdown could counteract such antitumor effects. This result suggested the association of antitumor activity of CBD
with the provocation of pyrotosis. Moreover, further research indicated that CBD induced integrative stress response
(ISR)-dependent ATF4 activation, which contributes to the promotion of GSDME-dependent pyroptosis.

Induction of Ferroptosis

Ferroptosis is a form of regulated cell death driven by iron-dependent lipid peroxidation, which is morphologically,
biologically, and genetically distinct from necrosis and autophagy.”® Phospholipids are the components of lipid bilayers
that make up cellular membrane, and peroxidation of phospholipids is the key driver of ferroptotic death.’® Researches
indicated that ferroptosis could be triggered by diverse physiological conditions and pathological stresses.® It has been
reported that ferroptosis plays a pivotal role in the depression of tumorigenesis by removing the deficient or damaged
cells in the environment.®' Therefore, the fast-growing studies of ferroptosis in cancer have boosted a perspective for
cancer therapy.®?

Atractylodin is the major active component of atractylode, the plant of Asteraceae, which has been reported to show
inhibitory function on tumor development and progression. Studies indicated that atractylodin has the ability to induce
apoptosis of cholangiocarcinoma via the activation of caspase cascade and inflammation and to provoke oxidative stress
and phospholipids peroxidation as well.®> Moreover, glutathione peroxidase 4 (GPX4) acts as the key regulator of lipid
peroxidation and iron metabolism, which is involved in the regulation of ferroptosis.>® In HCC cells, atractylodin was
observed to induce the accumulation of lipid peroxides and ferroptosis by inhibiting GPX4 expression, leading to the
suppression of HCC progression.** Therefore, it is suggested that ferroptosis plays a significant role in the inhibitory
effect of atractylodin on HCC cells.

Solasonine, the natural glycoalkaloid aglycone isolated from Solanum melongena, exhibits the activity to inhibit the
proliferation of various tumor cells.®>*® Some studies demonstrated solasonine suppressed HCC cell proliferation and
invasion via G2/M phase cell cycle arrest. Moreover, the fact that solasonine was able to induce lipid oxidative stress to
cause the inflammatory events that triggered ferroptosis was found in the treatment of HepG2 HCC cells.®’
Administration of ferrostatin-1, the ferroptosis inhibitor, significantly downregulated solasonine-induced oxidative stress,
leading to the reversal of HCC suppression. Furthermore, the expression levels of GPX4 and GSS were reduced in
response to the induction of ferroptosis, suggesting solasonine tunes ferroptosis by targeting GPX4 and GSS. Thus,
solasonine participates in ferroptosis in the treatment of HCC, which facilitate further development of antitumor therapy.

Induction of Autophagy
Autophagy is a conserved tightly orchestrated biological process to clear damaged or aged cellular components for the
purpose of cellular homeostasis. The bulk of misfolded proteins, impaired organelles, or intracellular pathogens are
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coated into a double-membranous vesicle termed as autophagosome, which is fused with lysosomes to form autophagic
lysosome and ultimately removed through the fragmentation and degradation. Aberrations in autophagy result in various
pathological states including cancer. Generally, autophagy is thought to be the cause of survival, but over-activation of
autophagy may lead to a non-apoptotic cell death. Therefore, manipulation of autophagy as a potential tumor suppressor
by regulating autophagic signaling is a promising therapeutic regimen in the treatment of cancer including HCC.

Baicalein is the principal bioactive monomer isolated from Radix scutellariae and exhibits antitumor effects in vitro
and in vivo. Previous studies showed that baicalein treatment inhibited the lung metastasis of HCC orthotopically
transplanted in athymic mice. This effect was associated with the induction of autophagy occurring in HCC cells, as
evidenced by the reduction of mitochondrial transmembrane potential and activation of caspase-9 and caspase-3.°®
Moreover, baicalein also exerted cytotoxicity and induced autophagy by inhibiting MEK-ERK signaling pathway when
combined with Paclitaxel.®

Shikonin is a type of naphthoquinone extracted from Lithospermum erythrorhizon, and shows potential anticancer
activity as a cancer therapeutic agent. It has been reported that shikonin has the ability to induce apoptotic cell death or
trigger cell cycle arrest in various cancers by regulating molecules in Bcl-2 family and NF-kB signaling pathway.’®”!
Recent studies demonstrated that LC3-II expression, the marker of autophagy, was increased in the HCC cells treated
with shikonin. The activity of Ras/Raf/MEK/ERK pathway was connected with the occurrence of autophagy, and
knockdown of ERK could counteract the effect of shikonin on increasing LC3-II accumulation. In addition to the
targeting of ERK, shikonin was also found to enhance autophagy through the suppression of RIP. In Huh7 xenograft
mouse model, shikonin was confirmed to inhibit tumor growth by initiating autophagy through the downregulation of
ERK and RIP.”

Crocin is the main component of saffron originated from the Chinese herbal Crocus sativus. Crocin displays
protective roles in HCC from early stage to late stage by targeting various downstream effectors in the signaling
pathways.”> A study showed that crocin treatment in HCC gave rise to BECN1 upregulation, LC3-II accumulation,
and p62 decrease, indicating the occurrence of autophagy in HCC cells. Akt/mTOR signaling plays an important role in
autophagy regulation of cancer cells. It was evidenced that crocin induces autophagy by inhibiting the activity of Akt/
mTOR signaling through the downregulation of p-Akt and p-mTOR.”

Anti-Oxidative Effect
Oxidative stress (OS) is a well-recognized biological event that plays a prominent role in the progression of HCC.
Abnormal OS is responsible for the increased level of reactive oxygen species (ROS) that are noxious to cell by causing
mutation and uncontrolled cell division. Additionally, they also contribute to the regulation of onco-suppressor, onco-
promoter, and several pro-inflammatory genes involved in the development of HCC. Some TCMs possess the anti-
oxidative activity, which exhibit the protective effect against liver cancer by reducing OS condition.”®

B-Aescin (AES) is a triterpene saponin derived from the horse chestnut tree Aesculus hippocastanum with the anti-
oxidative activity against liver damage.”® Diosmin (DIO) is an unsaturated flavonoid glycoside extracted from citrus
fruits, exhibiting protective effects on liver injury in animal models.”” The combination of AES and DIO was found to
alleviate liver damage in CCl4-induced rats in a synergistic manner.”® Ginger is one of the most common traditional
herbal medicines, and its biological active compounds, gingerol and shogaol, possess anti-oxidant activity with hepato-
protective effects.”” In vivo study indicated that ginger and its extract gingerol promoted a strong protective effect against
DEN-induced hepatocarcinogenesis in rat. This effect was confirmed to be related to the prevention of oxidative stress by
reducing COX-2, iNOS and NF-kB expression.*

Inhibition of Cells Metastasis

Malignant cell invasion and migration is one of the main causes of death in patients with HCC. Tumor migration and
invasion is a complex, multi-step, multi-factor process involved in the regulation of many signaling pathways. Hence,
targeting these signaling molecules to interfere with tumor metastasis is one of the therapeutic strategies of TCM in the
treatment of HCC.
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Tripterine is a natural compound mainly derived from Tripterygium wilfordii with the character of anticancer activity.
Some microRNAs (miRNAs) play crucial roles in modulating cancer cell growth and metastasis. miR-532-5p was
reported to be downregulated in HCC cells, while tripterine treatment could significantly increase miR-532-5p to induce
the suppression of HCC metastasis. Moreover, the inhibition of HCC metastasis caused by tripterine was also dependent
on the decrease of CXCL2. The result indicates tripterine functions as the miR-532-5p/CXCL2 axis inhibitor to block
HCC tumorigenesis and metastasis.®’

Berberine, an alkaloid extracted from herbal plants, was evidenced to deploy anticancer effects on various cancers. 3-
catenin was identified as a pivotal molecule to provoke HCC metastasis by tuning pro-oncogenic signaling pathways.
Berberine was found to repress B-catenin translation in Hep3B and HepG2 HCC cells, thus inhibiting cell migration and
invasion. Moreover, mTOR activity was also decreased upon berberine treatment, which was associated with suppression
of HCC metastasis through the blockage of p-catenin signaling.** AMPK was a B-catenin-independent target of berberine

in HCC cells, and anti-metastatic effect of berberine was found to link with the activation of AMPK.**

Inhibition of Angiogenesis
Abnormality of angiogenesis in tumor tissues is the prominent character of HCC. Abundant vascular construction such as
arterialization and sinusoidal capillarization facilitates cancer cells to loot nutrients for substantial outgrowth, and to
disseminate with the blood flow to the distant place or other organs. Dysregulation of angiogenic signaling pathways has
been identified as the cause of abnormal angiogenesis in cancer, and plays a fundamental role in the proliferation,
invasion and metastasis of HCC. Many growth factors or cytokines, which function as the pivotal regulators in these
angiogenic pathways, are the potent targets of TCM that are practically selected and validated for the therapy of HCC.
VEGF and its receptors VEGFR are the well-researched effectors of angiogenesis, which could be regulated by other
factors in the angiogenic signaling pathways. IL-8 has been evidenced to trigger angiogenesis by stimulating the
expression of VEGF and VEGFR through the activation of NF-kB signaling in HCC.** Jie du recipe inhibited HCC
proliferation in clinical trial, concomitant with the decrease of VEGF level in tumor tissues. This anti-angiogentic effect
caused by Jie du recipe was evidenced to be associated with IL-8 suppression, as activation of AKT and ERK in the
downstream of NF-xB signaling pathway could reverse the reduction of VEGF and VEGFR expression. Jie du recipe
also prohibited HIF-1o expression, another important factor to upregulate VEGF level, thus exhibiting anti-angiogenic
effect and growth suppression in HCC.*® Astragalus membranaceus and Curcuma wenyujin are widely prescribed
Chinese herbs for cancer therapy in the clinical practice. The combination of both drugs promoted vascular normalization
in tumor-derived endothelial cells of HCC by increasing CD34 expression and reducing HIF-1o expression.®®

Regulation of Immune Cells

Immunotherapy demonstrated marvelous curative efficiency as an alternative therapeutic regimen in the treatment of
advanced cancers. The immunosuppressive microenvironmental specificity inherent in liver restrains the medical efficacy
on HCC by facilitating immune evasion of cancer cells. TCM has been evidenced to show immunoregulatory properties
of restoring immunosurveillance and enhancing immune response to HCC. Through the upregulation of immunostimu-
latory factors or downregulation of immunosuppressive factors, TCM acts on multiple targets in several ways to exert
antitumor effect. Here, we review the immunoregulatory potency of individual TCM or formulas on the treatment of
HCC via controlling various immune cells and their related immune signals in the remodeling of immune microenviron-
ment, providing new insights on the mechanisms of TCM underlying immunotherapy on HCC (Figure 2).

Activation of Stimulatory Immune Cells

In addition to cancer cells, the abundant immune cells are filled in the TME involved in tumor proliferation and
metastasis. According to the cell differentiation and function, immune cells in the TME of HCC can be classified into
two groups: immunostimulatory lymphocytes, and immunosuppressive myeloid cells and lymphocytes. The representa-
tive stimulatory immune cells include cytotoxic CD8" T cells, CD4" T cells with helper 1 type, and natural killer (NK)
cells. NK cells and CD8" T lymphocytes are, respectively, known to be the primary antitumor effectors in innate and
adaptive immune response, and CD4" T helper 1 cells exert the adjuvant function on stimulating the tumor-killing
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Figure 2 TCM induces cell death in HCC through regulation of various immune cells in the TME. TCM including compound and monomers enhances the immune response
by inducing the activation of immunostimulatory cells (CD8"T celll CD4"T cell/DC cell/NK cell) and suppressing immunosuppressive cells (Treg/ MDSCs/ TAMs). Created
with BioRender.com.

Abbreviations: DAMPs, damage-associated molecular patterns; DC, dendritic cell; ICD, immunogenic cell death; JLC, Jinlong capsule; FZQ), Fuzheng Qingjie Granules; FM,
Frankincense and myrrh; Treg, Regulatory T; MDSCs, myeloid-derived suppressor cells; TAMs, tumor-associated macrophages; APS, Astragalus polysaccharides; JHD, jianpi
huayu decoction; CKI, Compound Kushen Injection; BB, Bombyx batryticatus; GLP, ganoderma lucidum polysaccharide.

effectors in immune response and immune memory. Activation of stimulatory immune cells to promote the release of
antitumor proinflammatory cytokines is one of the mechanisms that TCM inhibits tumor growth in HCC immunotherapy.

Icaritin has been reported to prohibit cell proliferation in HCC through apoptotic induction. Additionally, icaritin
caused the dying tumor cells to release the damage-associated molecular patterns (DAMPs), which could be recognized
and processed by dendritic cells (DCs). Subsequently, DCs presented the immunogenic portion of the processed DAMP
to CD8" T cells, and activated them to convert into cytotoxic T effectors. Cytotoxic CD8" T cells attacked cancer cells via
secretion of perforin, granzyme A and granzyme B. The whole process is called immunogenic cell death (ICD).
Importantly, the chemotherapeutic drug doxorubicin also showed the activity of ICD, and the combination with icartin
could synergistically enhance the T cell-mediated immune response to HCC.*’

Jinlong capsule (JLC), composed of three medicinal animals Bungarus, Agkistrodon and Gecko, significantly induced
the T cell immune response to HCC by increasing the proportion of cytotoxic CD8" effector T cells. In consistency to the
increase of CD8" T cells, JLC also promotes the accumulation of CD4" T cell and NK cells in the tumor tissues of HCC.
The complete activation of various stimulatory immune cells reflects the immunomodulatory characteristics of JLC as
a potent therapeutic agent in the anti-HCC treatment.®’

Fuzheng Qingjie (FZQJ) granules are composed of four Fuzheng Guben herbs including Astragalus membranaceus,
Ligustrum lucidum, Ganoderma lucidum and Rhizoma dioscorea, and two Qingre Jiedu herbs including Hedyotis diffusa
and Prunella vulgaris. It has been reported that FZQJ granules exert the adjuvant effect in the treatment of HCC. A study
showed that FZQJ granules could increase the level of CD4" T helper cells when suppressing tumor growth in the HCC-
bearing mouse model. The tumor-inhibitory effect of FZQJ granules was found to be impaired by the depletion of CD4"
T cells. The accumulation of CD4" T cells promoted the production of pro-inflammatory cytokines such as IL-2, IL-12
and TNF-o, and the subsequent activation of CD8" T cells and NK cells. Thus, FZQJ granules stimulated T cell-mediated
immune response to HCC via the recruitment of CD4" T helper cells.®®

Frankincense and myrrh (FM) are traditional herbal drugs with the anti-inflammatory activity, and both are usually
combined to achieve a synergistic effect in clinical practice.* HCC has been considered as a type of inflammation-related
cancer, and thereby FM has recently been used in the treatment of HCC via regulating inflammatory immune cells in the TME.
It was evidenced that constitutive activation of NF-kB and STAT3 caused immune suppression on CD8" T cells responsible for
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antitumor immunity. FM could restore CDS" T cell-mediated antitumor activity via downregulating NF-xB and STAT3 in
HCC. The increased production of IFN-y within TME further confirmed the ability of FM to stimulate CD8" T cells.”®

Inhibition of Suppressive Immune Cells

Apart from stimulatory immune cells, suppressive immune cells exist in the TME, and especially, predominant in terms
of quantity and activity to maintain the immunosuppressive specificity for the survival of HCC. Regulatory T (Treg)
cells, myeloid-derived suppressor cells (MDSCs) and tumor-associated macrophages (TAMs) are the main suppressive
immune cells that contribute to the building of immunosuppressive microenvironment. These cells release various pro-
tumor inflammatory cytokines not only to promote cancer cell proliferation, but also to suppress the activity of
stimulatory immune cells. In some cases, TCMs exhibit antitumor activity by inhibiting the activation of suppressive
immune cells and the release of tumor-promoting cytokines.

Treg cells are one of the key suppressive immune cells prevailing in the HCC microenvironment. Resveratrol,
originated from the root of white hellebore, could inhibit tumor growth in the HCC-bearing mouse model by decreasing
the number of Treg cells. The subtype of CD8"CD122" Tregs was confirmed as the target of resveratrol, as the transfer of
CD8'CD122" Tregs into the mice reversed the antitumor effect. Concomitant with the decrease of Tregs, resveratrol
downregulated the immunosuppressive cytokines TGF-f and IL-10, and upregulated immunostimulatory antitumor
cytokines TNF-o and IFN-y. The production of TNF-a and IFN-y improved the immunosuppressive microenvironment
and enhanced antitumor T cell immune response. In addition, resveratrol recruited IFN-y-expressing CD8" effector
T cells, resulting in the cytotoxic effect on HCC cells.”’ Astragalus polysaccharides (APS), a traditional Chinese
medicinal herb extracted from Astragalus membranaceus, could restore the cytokine imbalance and block SDF-1 or its
receptor to inhibit migration of Treg cell by regulating CXCR4/CXCLI12 pathway.’?

MDSCs are a group of immature suppressive immune cells contributing to the building of the HCC immunosuppressive
microenvironment. Previous studies showed that jianpi huayu decoction (JHD) suppressed the expression of IL-10 and TGF-f to
reduce HCC cell viability. The downregulation of immunosuppressive cytokines was associated with decrease of MDSCs
infiltration in the JHD-treated HCC cells. STAT3 was identified as the target of JHD in the manipulation of MDSCs, whose
expression could counteract the inhibitory effect of JHD on the differentiation of MDSCs. JHD also inhibits the activity of iNOS,
thus neutralizing the immunosuppressive ability of MDSCs by reducing the endogenous level of ROS. Moreover, the suppression
of MDSCs caused by JHD could relieve the inhibitory effect on CD4" T cell activation in the H22 HCC-bearing mice.”

TAM plays an important role in repressing the antitumor activity of T cell or other immunostimulatory cells. A large
number of studies have shown that TAMs are typical pro-tumor macrophages, which are responsible for the release of
immunosuppressive cytokines. Compound Kushen Injection (CKI), an approved traditional Chinese medicine formula, is
extracted from the roots of Kushen and Baituling. In general, macrophages can be polarized into classically activated M1 and
alternatively activated M2. The combination between CKI and low-dose sorafenib could switch M2 to M1 status and relieve
immunosuppression by triggering TNFR1-mediated NF-kB and p38 MAPK signaling cascades in the HCC
microenvironment.”* Bombyx batryticatus (BB) is one of the animal-TCMs frequently used as anticancer agent in HCC
treatment. A study showed that BB functioned to regulate the differentiation of macrophages in patients with viral-associated
HCC and non-viral-associated HCC. By inhibiting the expression of AKR1C3, BB reduced the recruitment of TAMs in the
HCC microenvironment, thus improving the prognosis and survival rate of patients.”” Ginsenoside Rg3, ganoderma lucidum
polysaccharide (GLP), and oridonin as the combined therapy could restore immune function by reducing the proportion of
M2-polarized macrophages and inhibit the p-EGFR by regulating AKT/GSK3 signaling pathways.’®

Conclusion

The occurrence of HCC is related to multiple risk factors. One of the epidemiological features of HCC is the high
mortality rate in patients, partly because the early symptoms are unobvious, and when it is diagnosed, it is mostly in the
middle and late stages. At present, surgery, radiotherapy and chemotherapy are often used, but the malignant disease is
still not completely cured, and the life quality of patient is poor. Because of frequent recurrence and metastasis, clinical
efficacy is usually spoiled and prognosis is unsatisfactory. Multi-target treatments may be more effective avenues in
treating HCC. TCM has been widely used as a new source of anti-cancer drugs with the advantage of improving the
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adverse reactions in the chemotherapy of cancer. Through the great advance in the finding of active ingredients and in the
study of antitumor mechanisms, TCM will give rise to new effective strategies for cancer treatment. TCM has the
advantages of less toxic and side effects and more therapeutic targets. Therefore, the combination of TCM and Western
medicine is becoming a new trend in the prevention and treatment of liver cancer in modern society. The feasibility and
effectiveness of TCM in the treatment of HCC was elucidated in aspects of both clinical evaluations and experimental
studies of mechanism in the article. The active ingredients in TCM have been proven to exert antitumor activity through
regulation of cancer cell proliferation, metastasis, invasion, cell cycle, autophagy, and apoptosis.

However, the above research has certain limitations, which are mainly manifested in the following aspects. Firstly, some
clinical studies contain small sample sizes, and the criteria for inclusion and exclusion are not standardized or mentioned.
Some clinical trials take single-center, single-blinded research methods, which could not reflect the therapeutic efficacy in the
clinical practice. Secondly, the therapeutic efficiency of TCM varies from person to person due to the different physiques of
patients in accordance to the overall concept and characteristics of syndrome differentiation and treatment. Thirdly, the toxic
and side effects of certain Chinese medicines on humans and animals are still unclear. Fourthly, in modern medical practice,
the effective active ingredients of some Chinese medicines still need to be excavated and verified in pharmacology. In addition,
many signal proteins, cytokines and cells existing in the tumor microenvironment affect the progression of liver cancer, while
the function of TCM and active ingredients may only be limited in some of them. Owing to its complexity, TCM theory is
often questioned; the unknown quality of herbs is a drawback for TCM. Despite these challenges, further well-designed
clinical trials and experimental studies will provide promising understanding of the mechanism of TCM and promote the
modernization of TCM in the treatment and prevention of HCC.
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