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Background: Cancer immunotherapy is an advanced therapeutic approach that harnesses the body’s immune system to target and
eliminate tumor cells. Traditional Chinese medicine (TCM), with a history rooted in centuries of clinical practice, plays a crucial role
in enhancing immune responses, alleviating cancer-related symptoms, and reducing the risks of infections and complications in cancer
patients.

Methodology: This review systematically examines the current literature on TCM-based formulations in cancer immunotherapy. It
explores the mechanisms by which TCM augments immune responses, particularly focusing on how these formulations influence both
innate and adaptive immunity. Various TCM herbs and compounds, their active ingredients, and their application in cancer prevention
and treatment were analyzed through an integrated review of preclinical studies, clinical trials, and molecular mechanistic
investigations.

Results: TCM formulations contribute to cancer therapy by modulating the body’s internal environment to improve immune defense.
They enhance the immune system’s ability to detect and destroy cancer cells, promote apoptosis in tumor cells, inhibit tumor growth
and metastasis, and augment the effectiveness of conventional cancer treatments. The review highlights specific TCM herbs and
formulations that have demonstrated significant anti-cancer properties, including their ability to strengthen immune responses and
provide synergistic effects with existing cancer therapies.

Conclusion: TCM-derived formulations represent a promising addition to cancer immunotherapy. The mechanisms through which
these formulations enhance anti-tumor immunity are multifaceted, involving modulation of immune cell activity, apoptosis induction,
and suppression of tumor progression. As cancer immunotherapy evolves, the integration of TCM into conventional treatment
regimens may offer enhanced therapeutic efficacy, reduced side effects, and improved overall outcomes for cancer patients. Further
clinical research is needed to fully elucidate the therapeutic potential and safety of TCM-based immunotherapeutic strategies in cancer
care.

Keywords: traditional Chinese medicine, TCM, cancer, nanocarriers, immune ability, anti-tumor therapy, tumor microenvironment,
drug delivery systems

Introduction
The phenomenon of tumor refers to the unchecked proliferation of cells, which, without intervention, may metastasize
through the lymphatic system and bloodstream, posing significant life threats. The global incidence of malignant tumors,
including early-onset cancers, is on the rise, necessitating a broadened approach to tumor treatment beyond conventional
surgery, radiotherapy, and chemotherapy to include newer modalities such as immunotherapy and targeted therapy. These
advancements have markedly enhanced the effectiveness and patient experience of tumor treatments.' >
Immunotherapy stands out as a notable advancement, offering substantial benefits in combating tumors. It operates on
the principle of activating the body’s immune system to target and eliminate cancer cells, and has shown promising

outcomes across various cancer treatments, positioning it as a future mainstream tumor treatment method. Clinical
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practices commonly employ tumor vaccines, adoptive cell therapy, and immune checkpoint inhibitors in immunotherapy
regimens. Tumor vaccines, in particular, stimulate the body’s immune response to fight tumors.*?

The effectiveness of traditional Western medicine in treating tumors is indispensable, such as radiotherapy and
chemotherapy, surgical intervention, targeted therapy, and neoadjuvant chemotherapy. However, they also bring high
recurrence rates and significant adverse reactions to patients, exacerbating their discomfort.® Compared with them, the
traditional Chinese medicine treatment has more obvious advantages.”® (1) Multi target and multi pathway effects:
Traditional Chinese medicine has complex ingredients and often treats diseases through multiple targets and pathways.
(2) Minor side effects: Traditional Chinese medicine treatment can reduce the adverse reactions and complications of
radiotherapy and chemotherapy.(3) Adjusting and improving the body’s immune function: Traditional Chinese medicine
can not only directly combat tumor cells, but also enhance the body’s immune system by regulating it, helping the body
resist tumors.(4) Individualized treatment: Traditional Chinese medicine emphasizes on individuals, adheres to the
principle of “treating the same disease differently”, achieves personalized treatment, and thus improves the targeted
and effective treatment.(5) Comprehensive regulation and improvement of quality of life: Traditional Chinese medicine
treatment regulates the overall health status of patients, including improving fatigue, relieving pain, and increasing
appetite, thereby improving their quality of life.

Traditional Chinese medicine (TCM) addresses some limitations of vaccine and other therapeutic approaches,
including personalized treatment variations, pain management, and the regulation of the body’s yin-yang balance.” '
TCM is characterized by minimal side effects and provides stage-specific, personalized treatments for cancer patients,
enhancing treatment efficiency. Additionally, TCM plays a crucial role in managing pain, a common symptom among
cancer patients. By harmonizing the flow of qi and blood and adjusting the yin-yang balance, TCM fortifies the body’s
defenses and offers immune system benefits. TCM’s role in cancer immunotherapy is multifaceted. It directly suppresses
or destroys tumor cells and mitigates immune evasion by modulating both innate and adaptive immunity. Moreover, it
can improve cancer patients’ quality of life by alleviating symptoms such as pain, nausea, and fatigue, through the
regulation of qi and blood, and balancing yin and yang.'*'* The synergistic use of multiple TCM formulations can
enhance therapeutic outcomes and minimize adverse effects.'* Nevertheless, safe medication practices must be observed,
especially when using potent TCMs or combinations known for toxic side effects. While chemotherapy and radiotherapy
can lead to side effects like nausea, vomiting, hair loss, and fatigue, Chinese herbal medicine is generally well-tolerated
by patients.

Clinical observations indicate minimal adverse reactions with TCM, suggesting its potential to ease the treatment
burden. TCM can holistically regulate the body, bolstering positive energy, and enhancing the immune response.
However, challenges in TCM-based immunotherapy, such as dosage control, large-scale production of TCM nanofor-
mulations, biocompatibility, and biosafety, remain. One potential solution is integrating multiple TCMs with small
molecules or active components from conventional drugs, utilizing nanomaterials as carriers. This approach could
enhance the anti-tumor efficacy and specificity while minimizing drug-related toxicities. By refining these strategies,
the therapeutic potential of TCM-derived nanoformulations in cancer immunotherapy can be fully realized.

Traditional Chinese Medicine Enhances Cancer Immunotherapy
In China, traditional Chinese medicine (TCM) is utilized to treat approximately 70% of cancer patients, showcasing
significant efficacy in augmenting the sensitivity of patients to chemotherapy and alleviating adverse effects associated
with tumor therapy, such as fatigue and bone marrow suppression.'>!'® TCM therapy spans a wide range of applications,
including the use of TCM monomers, medicinal extracts, traditional compound formulas, approved compound medica-
tions, proprietary compound concoctions, and techniques like acupuncture and moxibustion. TCM’s approach is holistic,
targeting multiple components, targets, and pathways for a bidirectional and systemic treatment of tumors. Emphasizing
tumors as systemic diseases, TCM advocates for comprehensive body treatment rather than focusing solely on localized
symptoms.

TCM’s philosophy aligns with the strategy of enhancing the body’s immune system to combat tumors, echoing the
TCM concept of “nourishing the positive to spontaneously expel cancer.”” TCM’s mechanism in cancer treatment is
distinguished by its ability to suppress tumor cell proliferation while simultaneously promoting the proliferation of
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immune cells. It achieves tumor inhibition through the modulation of key signaling pathways, encouraging tumor cell
apoptosis and autophagy, inducing cell cycle arrest, and suppressing tumor growth by targeting essential factors for tumor
angiogenesis.'” '’ Furthermore, TCM’s active components fine-tune both the innate and adaptive immune systems,
elevating the variety and efficacy of immune cells.”**' This holistic approach aims to bolster the body’s immune
competence, thereby enhancing its defense against tumor invasion and metastasis while fostering lasting immune
memory.

However, challenges such as varying response rates to treatments and drug resistance persist, indicating areas for
future enhancement and exploration. TCM’s impact on the immune system is multifaceted, affecting different immune
cells through a rich array of chemical constituents, including alkaloids, polysaccharides, flavonoids, and glycosides.**
These constituents exert diverse biological functions, broadly influencing both innate and adaptive immunity. Notably,
TCM can modulate the immune response within the tumor microenvironment, potentially offering a pathway to up-
regulate immune activity against cancer.”*>** Despite the benefits, ongoing issues like reaction variability and resistance
to therapy underscore the need for continued research and methodological advancements.

Breast Cancer Immunotherapy & TCM
Breast cancer stands as the most prevalent malignancy affecting women globally, significantly impacting women'’s health.
Addressing this challenge necessitates the discovery of innovative therapeutic targets to enhance treatment outcomes.
The classification of breast cancer into Luminal A and B, HER-2 positive, and triple-negative types highlights the
diversity in prognosis and treatment strategies. Specifically, HER-2 positive breast cancers, known for their aggressive
nature, frequent recurrence, and challenging prognosis, constitute a significant portion (15-20%) of breast cancer cases,
with recurrence and metastasis rates soaring up to 50%. Meanwhile, triple-negative breast cancer (TNBC), making up
about 15-20% of breast cancer cases, is noted for its earlier onset, aggressive progression, and less favorable prognosis
compared to its hormone receptor-positive or HER-2 positive counterparts.>> 2

Traditional Chinese medicine (TCM) offers a promising avenue for breast cancer treatment, grounded in a rich
theoretical base and extensive clinical practice. TCM attributes crucial significance to blood stasis syndrome in the
etiology and progression of breast cancer. Traditional Chinese medicine believes that excess milk stays in the breast and
does not pass through the Ren and Chong meridians to the uterus on time every month, resulting in menstrual discharge.
Over time, this leads to blocked blood vessels and blood stasis, resulting in breast cancer. Therefore, to cure breast
cancer, it is necessary to promote blood circulation, promote qi circulation, and eliminate blood stasis and promote
meridians. The Taohong Siwu Decoction (TSHWD), based on the foundational Siwu Decoction and revered as
a quintessential gynecological remedy, is broadly utilized for treating various blood stasis and deficiency syndromes,
especially in gynecology.?’*° Comprising six medicinal components such as Raw Rehmanniae Radix, Angelica Sinensis,
Ligusticum Chuanxiong, Paconiae Radix Alba, Peach Kernel, and Safflower, TSHWD markedly improves cancer tissue’s
microenvironment and microcirculation. Research by Professor Jiang suggests that TSHWD can curb the proliferation
and metastasis of HER-2 positive breast cancer cells (SK-BR-3) by optimizing the tumor microenvironment, regulating
tumor cells’ EMT process, and thereby inhibiting their proliferation and spread.*’ This mechanism mirrors the ther-
apeutic effects of Brucea Javanica and its active compound Brucein D, renowned in TCM for antagonizing TNBC
progression by modulating EMT and the PI3K/AKT pathways. Furthermore, Sanhuang Decoction (comprising Huangqin,
Huanglian, and Huangbai) has been shown to induce apoptosis in tamoxifen-resistant BC cells by inhibiting NF-xB
signaling overactivation and enhancing EMT (Figure 1).** Similarly, compounds like Astragalus Membranaceus, and
formulations like Sanhuang Decoction and Gansui Banxia Decoction, demonstrate the potential of TCM in offering
novel, effective strategies for managing breast cancer through immune modulation, promoting apoptosis, and inhibiting
tumor growth and metastasis by regulating crucial signaling pathways such as NF-kB, PI3K/AKT, and ERK mediated by
CTGF.*** From this, it can be seen that Western medicine usually eliminates tumors through sectioning and surgery,
which inevitably leads to the consequences of tumor spread. Traditional Chinese medicine emphasizes the integrity and
connectivity of human organs and tissues, which are interdependent and inseparable. Traditional Chinese medicine can
regulate qi and blood, unblock the Ren and Du meridians, unblock the meridians throughout the body, and examine
diseases from a macro perspective, ultimately achieving therapeutic effects in treating and eradicating diseases.
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Figure | Chinese herbs/natural herbs or some of their components can interfere with BC cell proliferation and metastasis through the corresponding signaling pathways/
targets.

Notes: Reproduced from Yu Q, Xu C, Song J, Jin Y, Gao X. Mechanisms of traditional Chinese medicine/natural medicine in HR-positive breast cancer: a comprehensive
literature review. ] Ethnopharmacol. 2024;319(Pt 3):117322. Copyright 2024, with permission from Elsevier.*?
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Thyroid Cancer Immunotherapy & TCM

Thyroid cancer (TC), a significant endocrine malignancy, disproportionately affects women, representing about 3% of all
cancer types. It typically presents as a painless neck mass or nodule, which may compress nearby structures like the
esophagus and trachea. The primary therapeutic approach for TC includes surgical removal, complemented by post-
surgical medication and localized radiation therapy. Although these treatments are generally effective, they are associated
with a high recurrence rate and considerable adverse effects, exacerbating patient discomfort.®*

Papillary thyroid carcinoma (PTC) stands as the most prevalent form of thyroid cancer, accounting for 80-90% of cases,
and is a major endocrine malignancy. Thyroid cancers are categorized into differentiated (DTC), undifferentiated (ATC),
and medullary (MTC) types, with DTC being the most common. Treatment modalities typically involve surgery, radioactive
iodine, hormone therapy, and molecular targeted therapies. Yet, about 30% of DTC cases may evolve into radioiodine-
refractory differentiated thyroid cancer (RAIR-DTC), significantly diminishing the 10-year survival rate to below 10%.%¢ 3%

Traditional Chinese medicine believes that there are two reasons behind thyroid diseases. Firstly, thyroid problems
belong to liver and gallbladder problems, and the liver governs emotions. Therefore, people with emotional injuries are
very prone to thyroid diseases. Women are prone to emotional trauma, so there are more women with thyroid diseases.
The Small Bupleurum Decoction can enter the liver and gallbladder meridian and has the function of soothing the liver
and relieving depression.

Traditional Chinese medicine (TCM) offers therapeutic alternatives, such as the Small Bupleurum Decoction,
traditionally used for a range of conditions including colds, flu, and gastrointestinal disorders. This formula, containing
ingredients like Pinellia, Bupleurum, Ginseng, Scutellaria, Ginger, Licorice, and Jujube, has demonstrated potential in
reducing TC cell viability and promoting apoptosis through the caspase-3 pathway, alongside inducing autophagy via the

PI3K-AKT pathway (Figure 2).** Similarly, Dioscorea zingiberensis, or yellow medicine seed, has been observed to
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Figure 2 The main chemical components of Xiaochaihu Decoction could inhibit the viability and proliferation of TC cells, promote cell apoptosis through the caspase-3
pathway, and induce cell autophagy through the PI3K-AKT pathway.

Notes: Reproduced from Wang K, Qian R, Li H, Wang C, Ding Y, Gao Z. Interpreting the pharmacological mechanisms of sho-saiko-to on thyroid carcinoma through
combining network pharmacology and experimental evaluation. ACS Omega. 2022;7(13):11166—11176. © 2022 The Authors. Published by American Chemical Society CC
BY NC ND 4.0.%°

enhance clinical outcomes in TC patients and reduce tumor volumes, attributing its anti-TC effects to the modulation of
the PI3K-Akt and focal adhesion pathways. Notably, it inhibits the migration and invasion of KMH-2 cells and promotes
apoptosis by downregulating the activation of the PI3K-Akt pathway.*’

Secondly, the thyroid gland is located above, which is also caused by the disturbance of deficiency heat. The operation of
the entire body should be intertwined, especially in the middle jiao, where the central axis operates together and heat and cold
blend together. However, due to the gradual decline in spleen and stomach function, it can lead to the isolation of yin and
yang, with heat moving upwards and cold moving downwards. The occurrence of a series of problems can be caused by the
combination of upper heat and lower cold. And women are prone to lower body temperature and cold, so the deficiency heat
in the upper body is also more severe, which explains why women are more prone to thyroid disease. Sophora flavescens can
enter the liver meridian, nourish the qi of the liver and gallbladder, clear heat and dry dampness.

Moreover, Matrine, another TCM-derived compound, has shown promise in treating PTC in TPC-1 human cells.
Research indicates that matrine’s efficacy may be mediated through the miR-21/PTEN/Akt pathway, underscoring the
potential of TCM in inducing apoptosis and halting the cell cycle in thyroid cancer cells.*® This evidence highlights the
value of integrating traditional Chinese medicine components into the therapeutic landscape for thyroid cancer, offering
novel avenues for treatment and potentially improving patient outcomes.

Traditional Chinese medicine can classify the etiology and pathogenesis of thyroid gland. If the thyroid gland is
caused by liver qi stagnation, use drugs that soothe the liver and relieve depression to regulate the whole body. If the liver
qi of a female population is not smooth, combined with yin deficiency and heat deficiency, it can be treated with
a combination of liver soothing medicine and heat clearing medicine. The above reflects the characteristics of persona-
lized treatment in traditional Chinese medicine.

Osteosarcoma Immunotherapy & TCM

Osteosarcoma (OS), a leading bone tumor in pediatric populations, exhibits alarming rates of recurrence, disability,
mortality, and metastasis, imposing severe economic and emotional strains on affected individuals and markedly
degrading their life quality.*’ The therapeutic arsenal against OS currently spans across radiotherapy, chemotherapy,
surgical interventions, and the strategic use of neoadjuvant chemotherapy alongside limb salvage operations. Traditional
Chinese medicine (TCM) interprets the etiology of osteosarcoma through the lens of the invasion or disturbance by the
“six evils” that disrupt vital qi, leading to qi stagnation, blood stasis, and phlegm dampness, culminating in bone tumors.
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A vast body of research underscores the potency of TCM-derived active ingredients in curtailing OS cell proliferation
and differentiation, fostering apoptosis, and occasionally overturning chemotherapy resistance in OS cells.*?

Extracted from the Isodon genus (or dong ling grass) in 1970, Oridonin is celebrated for its analgesic, anti-inflammatory, and
anticancer prowess. It champions anticancer activity by triggering mitochondria-mediated apoptosis, evidenced by the escalated
Bax/Bcl-2 ratio, caspase-3 and —9 activation, alongside reactive oxygen species (ROS) generation. Moreover, Oridonin disrupts
specific signal transduction pathways to encourage cancer cell apoptosis. For instance, in OS contexts, modulating the NF-«xB
activation and JNK pathway inhibition plays a pivotal role in sustaining malignant cell viability, thus influencing therapeutic
outcomes. Notably, Parthenolide has been documented to dose-dependently suppress NF-kB activity while initiating JNK
pathway activation, ensuing in caspase-independent death of bone cancer cells. Since ROS activity is intrinsically antitumoral,
its accumulation within cancer cells emerges as a strategic therapeutic maneuver.*' Investigations led by Mickymaray et al
revealed that Emodin significantly attenuates the PI3K/AKT/mTOR signaling cascade in MG-63 cells, leading to augmented
ROS presence in the cytoplasm, diminished mitochondrial membrane potential, escalated nuclear damage, and an uptick in
apoptotic events, positioning Emodin as a prospective osteosarcoma chemotherapeutic. Further, Professor Huang et al identified
that Andrographolide inhibits the PI3K/AKT, Wnt/B-catenin, and NF-kB pathways in human OS cells, efficiently repressing cell
proliferation, migration, and invasion (Figure 3).** This underscores the therapeutic promise of leveraging TCM-derived
compounds in osteosarcoma treatment strategies. The above content indicates that the various components contained in
traditional Chinese medicine can treat bone cancer through multiple targets and pathways, making treatment more efficient.
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Figure 3 Traditional Chinese medicine can induce autophagic death, inhibit cell proliferation, differentiation and metastasis, promote cell apoptosis, and ultimately inhibit the
development of OS from different signaling pathways.

Notes: Reproduced from . Liu Y, Jiang B, Li Y, et al. Effect of traditional Chinese medicine in osteosarcoma: cross-interference of signaling pathways and potential 410
therapeutic targets. Medicine. 2024;103(3):e36467. Copyright © 2024 the Author(s). Published by Wolters Kluwer Health, Inc. Creative Commons Attribution License 4.0
(CCBY.*
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Colorectal Cancer Immunotherapy & TCM

Colorectal cancer (CRC), a widespread gastrointestinal malignancy, is significantly influenced by the gut microbiome,
which plays a crucial role in its development and progression. Characterized by low immunogenicity and microsatellite
stability, CRC develops within a highly immunosuppressive tumor microenvironment (TME), rendering it resistant to
many forms of immunotherapy (Figure 4). This underscores the critical need for novel therapeutic interventions aimed at
enhancing drug sensitivity and reversing resistance to existing CRC treatments.***°

Amidst the conventional treatment modalities for CRC, including surgery, chemotherapy, radiotherapy, targeted therapy,
and immunotherapy, enhancing patient survival and quality of life remains a paramount concern.*® Traditional Chinese
medicine (TCM) offers a unique approach, where the pharmacodynamics of TCM components is modulated by the liver,
intestines, and stomach before systemic circulation. The gut microbiota plays a pivotal role in optimizing the bioavailability
of these components, showcasing a symbiotic relationship between TCM and intestinal flora. This interaction aids in
modifying the metabolism, absorption, and efficacy of TCM formulations, while various probiotics have shown promise in
mitigating cancer-related inflammation through modulation of cellular activities and signaling pathways.

TCM has demonstrated effectiveness in the management of CRC by promoting apoptosis of cancer cells, hindering
metastasis, and ameliorating drug resistance and adverse effects.*” Notably, TCM sensitizers have the potential to reverse
chemotherapy resistance in CRC by targeting and modulating traditional chemotherapy mechanisms, enhancing drug
activation, and improving the TME. Pien Tze Huang (PZH), a distinguished TCM, has been noted for its broad biological
activities including detoxification and anti-inflammation, showing potential in inhibiting CRC proliferation by modulat-

ing the Wnt/B-catenin signaling pathway.*’
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https: 29

Cancer Management and Research 2025:17



@ Li et al

Moreover, the role of probiotics, such as S. thermophilus and Clostridium butyricum, in CRC treatment underscores
the capacity of beneficial bacteria to regulate key signaling pathways and improve treatment outcomes. Investigations
into the mechanisms of action of TCM and probiotics reveal their ability to influence DNA damage repair, ferroptosis,
and inflammation-related pathways, enhancing the therapeutic efficacy against CRC.

In summary, the integration of TCM and probiotics into the treatment paradigm for CRC presents a promising avenue
for overcoming the limitations of current therapeutic strategies, potentially leading to improved patient outcomes and
a deeper understanding of the interplay between gut microbiota and cancer therapy. Traditional Chinese medicine can
regulate and improve the tumor microenvironment in the colon and rectum, increase the types of immune cells, enhance
the body’s immune capacity, and be more conducive to combating cancer invasion.

Liver Cancer Immunotherapy & TCM
Liver cancer, marked as the sixth most diagnosed and the fourth leading cause of cancer-related deaths globally,*®
predominantly manifests through hepatocellular carcinoma (HCC), notorious for its high mortality rate. The median
survival duration post-diagnosis scarcely exceeds a year,*” underlining a grim prognosis for patients afflicted with this
malignancy. The disease commonly occurs in individuals suffering from hepatitis B and cirrhosis, leading to a significant
number of cancer fatalities.’® The asymptomatic nature of early-stage primary HCC often results in late diagnoses,
limiting the effectiveness of potential curative interventions such as liver transplantation, surgical resection, and radio-
frequency ablation (RFA). Despite these treatments offering varying degrees of success, the 5-year survival rates ranging
from 40% to 79% underscore the challenge of managing postoperative recurrence and enhancing patient prognosis.”’

The arsenal against liver cancer encompasses a variety of treatments, each with distinct benefits and limitations.
Preferred modalities like surgical resection and liver transplantation often grapple with challenges like local invasion and
intrahepatic metastasis, which complicate postoperative outcomes and prognosis. Given the elusive early symptoms of
HCC, many patients are diagnosed in advanced stages when curative treatments are no longer viable, rendering HCC
among the most challenging malignancies to address at advanced stages. While chemotherapy offers another avenue for
cancer treatment, its efficacy is marred by significant side effects targeting rapidly proliferating cancer cells.*”

In this complex treatment landscape, traditional Chinese medicine (TCM) emerges as a promising alternative, boasting
high efficiency, effectiveness, and minimal adverse reactions.*” TCMs holistic view of the human body emphasizes a balance

* employing a multi-target and multi-pathway regulatory approach.’” It

between internal and external environments,
advocates for individualized treatment strategies based on a “component-target-pathway’ model specific to diseases, aiming
to modulate immunity, inflammation, and cell proliferation to decrease the recurrence rate among HCC patients. TCM
underscores the enhancement of immune function in cancer patients as a cornerstone for improving outcomes.>'

TCM prescriptions for liver cancer are characterized by a blend of cooling and warming properties, primarily employing
cold bitter herbs. The treatment principles revolve around tonifying deficiencies, clearing heat, promoting blood circulation,
removing stasis, and detoxification, showcasing a wide application in liver cancer management.’® TCM interventions,
including prescriptions and isolated compounds, counteract liver cancer by disrupting the tumor microenvironment (TME)
and modulating exosome secretion and function. For instance, Jianpi-huayu decoction (JHD) effectively treats HCC by
regulating epithelial-mesenchymal transition (EMT), immunity, the cell cycle, and apoptosis, specifically targeting the
exosomal miR-23a-3p/Smad signaling pathway to inhibit EMT, migration, and invasion of HCC cells.>?

Moreover, TCM-derived alkaloids offer a broad spectrum of anti-liver cancer activities, including inhibiting cell
proliferation and metastasis, promoting apoptosis, autophagy, cell cycle arrest, and modulating various cancer-related
pathways such as the Mst1-JNK, ERK signaling, PINK1/Parkin axis, and PTEN/AKT pathways. Terpenoid alkaloids, for
instance, manifest potent anti-hepatocellular carcinoma effects by modulating key proteins involved in DNA fragmenta-
tion, cell apoptosis, proliferation, and the cell cycle.*’

Ferroptosis, a regulatory cell death mechanism dependent on iron and lipotoxicity, represents a novel approach to
inducing cancer cell apoptosis. Bicyclol, derived from Schisandra chinensis, exemplifies a pharmacologically versatile
agent with potential benefits across a spectrum of liver pathologies, including its role in mediating the ferroptosis
response and showcasing antiviral, anti-inflammatory, immunomodulatory, and anti-tumor properties (Figure 5).>*
TCM’s multifaceted approach towards treating liver diseases, particularly through its impact on signal transduction
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Figure 5 Regulation of cell death by bicyclol.
Notes: Reproduced from Zhao T, Mao L, Yu Z, et al. Therapeutic potential of bicyclol in liver diseases: lessons from a synthetic drug based on herbal derivative in traditional
Chinese medicine. Int Immunopharmacol. 2021;91:107308. Copyright 2021, with permission from Elsevier.>*

and immune pathways, notably the PI3K-Akt pathway, signifies its integral role in managing liver cancer, advocating for
a comprehensive strategy that encompasses immunity enhancement and inflammation inhibition.’® Traditional Chinese
medicine can damage the tumor microenvironment, inhibit the proliferation and metastasis of liver cancer cells, promote
autophagy and apoptosis, and regulate various signaling pathways of liver cancer. The treatment of liver cancer focuses
on nourishing qi and tonifying deficiency, clearing heat and detoxifying, promoting blood circulation and removing blood
stasis, and achieving the advantages of “eliminating evil without damaging the body’s positive qi”, so the side effects are
relatively small.

Discussion

While traditional Chinese medicine (TCM) holds promising anti-tumor capabilities, the clinical deployment of its active
compounds is often hindered by less than optimal drug properties, including poor solubility, stability, limited bioavail-
ability, and inadequate targeting and permeability. The integration of nanotechnology proposes a solution, potentially
extending drug half-life, enhancing targeting precision, increasing permeability, and thus, amplifying the bioavailability
of TCM active ingredients through improved solubility and stability. By encapsulating or binding TCM active com-
pounds onto nanocarriers, it’s feasible to augment drug solubility while simultaneously shielding these compounds from
premature receptor interaction. Such nanoformulations can prevent rapid clearance by the immune system, thereby
prolonging the active compounds’ systemic circulation and half-life.
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Nanomedicine delivery systems, such as polymer nanoparticles, liposomes, inorganic materials, and nanofibers, show-
case exceptional clinical model targeting capabilities via controlled sizing. Essential to successful drug therapy is the
sufficient accumulation of active compounds within target cells, a challenge compounded by the tumor microenvironment’s
dense extracellular matrix and interstitial pressure, which can impede the penetration of TCM active ingredients.

Nanoparticles are notably efficient at loading a wide range of hydrophobic drugs, capable of penetrating targeted sites
without compromising their structural integrity. However, challenges such as nanoparticle instability and potential for
drug leakage limit their practical application. Modifying nanoparticles with specific ligands can enhance the efficiency of
oral nanocarriers in systemic delivery by navigating through the intestinal epithelium. Still, the effectiveness of these
interactions can be diminished by the limited orientation, selectivity, or density of receptor bindings.>

Sustained-release nanomaterials facilitate controlled and continuous drug delivery, characterized by high drug loading
and encapsulation efficiency. Nano-controlled release technologies enable a more stable concentration of drugs within the
body by shielding the drugs within nanoparticles, thereby prolonging their therapeutic effect. This approach has found
widespread application in pharmaceutical formulations and the biomedical field, notably improving drug bioavailability
and reducing adverse reactions. Despite these advancements, challenges in nanoparticle size control, stability, drug release
rates, and biocompatibility remain areas for further exploration and improvement.

Integrating TCM with nano-preparations can significantly stimulate the body’s immune response, actively targeting and
removing cancer cells, thus offering a promising avenue for immunotherapy. This approach also aims to mitigate drug side
effects, counteract drug resistance, and improve drug utilization efficiency. Despite the promise of combining TCM with
nanotechnology, challenges such as adverse reactions from conventional therapies, multidrug resistance, and high rates of
recurrence and metastasis call for innovative strategies to enhance treatment outcomes and patient quality of life.

Conclusion

Traditional Chinese medicine (TCM) has been utilized for centuries in the prevention and treatment of various ailments,
gaining global recognition for its efficacy. TCM has the potential to modulate the tumor microenvironment, enhancing the
body’s anti-tumor immune responses, alleviating tumor-related symptoms, and potentially inducing tumor remission.
However, the clinical application of TCM is often hindered by the poor solubility and low bioavailability of its natural active
compounds. The integration of TCM with nanocapsules offers a promising solution, providing an eco-friendly, biodegradable,
and biocompatible approach. Nevertheless, this strategy faces challenges, including the instability of nanoparticles and the risk
of drug leakage. Therefore, there is an urgent need to accelerate the development and optimization of self-assembling
nanoformulations derived from TCM. Moreover, while TCM shows promise in cancer therapy, identifying the specific
TCM components responsible for its therapeutic effects remains a challenge. This highlights the need for further identification
and investigation of TCM’s active components with anti-tumor properties, as well as elucidating their mechanisms of action.
Such efforts are essential for expanding the clinical applicability of TCM in cancer treatment.
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