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ABSTRACT

Cancer continues to be a major public health problem worldwide, with rising incidence and death rates. Although traditional
treatments, including chemotherapy, radiotherapy, immunotherapy, and targeted therapy, have effectively improved survival
rates, their resulting toxicities, drug resistance, and cost underscore the importance of developing more integrative treatment
modalities. Integrative oncology, the integration of evidence-based complementary care with standard medical practice,
represents a potential solution to these shortcomings. Herbal medicine, based on traditional systems of medicine, has
bioactive compounds including curcumin, resveratrol, quercetin, epigallocatechin gallate, berberine, withaferin A, and
sulforaphane, all of which have anticancer activity by mechanisms such as induction of apoptosis, inhibition of angiogenesis,
and immunomodulation. Although there is emerging evidence that combining herbal compounds with conventional therapies
may enhance survival rates and minimize treatment-related side effects, the scientific evidence so far is limited to a meta-
analysis of 14 clinical trials. The discipline, nonetheless, is challenged by regulatory heterogeneity, inadequate large-scale
clinical trials, and possible herb-drug interactions. To achieve the complete potential of integrative oncology, rigorous, large-
scale clinical studies and protocols of standardization must be addressed by research in the future. A patient-focused,
evidence-driven model that integrates scientifically proven herbal treatments and mainstream cancer therapies can provide a
more effective and safer approach to cancer care.
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1. INTRODUCTION

Cancer continues to be among the most insurmountable health issues globally, with rising incidence and mortality. The
World Health Organization (WHO) estimates that cancer caused approximately 10 million deaths in 2020 and ranks as one
of the major causes of mortality worldwide (1). The burden of the disease persists amid factors influencing population aging,
lifestyle, and the environment. Traditional treatment regimens, such as chemotherapy, radiotherapy, immunotherapy,
targeted therapy, and hormone therapy, have greatly enhanced survival and disease control rates (2). Yet, these treatment
methods have serious side effects, such as major toxicities, drug resistance, expense, and compromised patient quality of life
(3). In addition, access and cost barriers restrict the dissemination of these treatments, particularly to low- and middle-income
countries, perpetuating inequalities in the treatment and outcome of cancer.In view of these restrictions, integrative oncology
has developed as an optimistic strategy with a vision of synergizing mainstream cancer therapies with supplementary
treatments like herbal medicine in order to optimize treatment efficacy at lower side effects (4). Integrative oncology
recognizes the potential of traditional healing systems, such as Ayurveda, Traditional Chinese Medicine (TCM), and other
native practices, that have employed medicinal plants for millennia to cure multiple diseases, including cancer (5). Herbal
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medicine, which includes bioactive agents with anticancer activity, act through various mechanisms like induction of
apoptosis, suppression of angiogenesis, immune system modulation, and augmentation of efficacy of conventional treatment.
Emerging evidence indicates that the integration of herbal medicine with conventional cancer therapies has the ability to
counteract chemotherapy-induced toxicity, inhibit drug resistance, and enhance the well-being of patients (6).The acceptance
of herbal medicine into mainstream oncology has been gaining momentum from scientific research illustrating its ability to
complement conventional therapies. A few plant-derived agents, including paclitaxel (Taxol) of the Pacific yew tree and
vincristine of the Madagascar periwinkle, have been effectively integrated into standard cancer therapy (7). Moreover,
phytochemicals like curcumin, resveratrol, and quercetin have shown considerable anticancer activity in preclinical and
clinical research, augmenting the action of chemotherapy and radiotherapy and reducing their toxicity (8, 9). However, for
all these promising results, reservations persist regarding insufficient standardized dosing, risk of herb-drug interactions, and
the requirement of further broad-scale clinical testing prior to adoption. This review proposes to discuss the synergistic value
of an integrated approach using herbal and allopathic treatment for cancer therapy. It will offer a comparison of both the
treatment modalities, explain their mechanisms of action, outline their strengths and limitations, and evaluate clinical
evidence favoring integrative oncology. Through a careful review of existing research, the review aims to contribute to the
developing discipline of integrative cancer care, and promote an evidence-based integration of herbal medicine with
oncology. Future directions for research and clinical use will also be addressed to advance safer and more effective treatment
strategies that maximize patient benefits.

Integrative Oncology Approach

Traditional Conventional
Healing Systems Therapies

op

Herbal Medicine

Allopathic Cancer Therapies:
1. Chemotherapy

Chemotherapy administers cytotoxic agents systemically to Kill rapidly proliferating malignant cells. The drugs induce
apoptosis primarily by disrupting DNA replication or mitosis (11). Alkylating agents like cyclophosphamide and cisplatin
create DNA cross-links that inhibit transcription and replication, leading to programmed cell death (12). Antimetabolites
such as 5-fluorouracil and methotrexate are nucleotide mimics, inhibit DNA synthesis, and halt the cell cycle. Mitotic
inhibitors like paclitaxel and vincristine interfere with microtubule dynamics, inhibiting normal chromosomal segregation
and arresting cell division (13). Due to the lack of tumor selectivity of chemotherapy, normal proliferating tissues are also
damaged, causing toxicities including myelosuppression, gastrointestinal damage, and organ injury.

2. RADIATION THERAPY
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Fig 1: Radiation Therapy

Radiation therapy employs high-energy ionizing radiation to cause irreversible DNA double-strand breaks in cancer cells,
resulting in cell-cycle arrest and apoptosis (14). Treatment options are external-beam radiation therapy (EBRT), where a
targeted beam is aimed at the tumor, and brachytherapy, where radioactive implants are placed inside or near the lesion (15).
Success is achieved by delivering maximal tumor dose with preservation of normal tissue. Highly sophisticated methods—
e.g., intensity-modulated radiation therapy (IMRT) and proton therapy—enable sub-millimeter accuracy, minimizing
collateral damage and enhancing outcomes (16). Radiation, however, remains capable of damaging adjacent structures,
leading to fibrosis, organ dysfunction, or secondary malignancies.

3. IMMUNOTHERAPY

Immunotherapy utilizes host immunity to identify and kill tumor cells. Immune-checkpoint blockade—targeting inhibitory
receptors like PD-1 and CTLA-4—resuscitates exhausted T cells; drugs like pembrolizumab (anti-PD-1) and ipilimumab
(anti-CTLA-4) have revolutionized the treatment of melanoma, lung cancer, and other cancers (Pardoll 2012; Sharma &
Allison 2015). Chimeric antigen receptor (CAR) T-cell therapy adapts a patient's T cells to bear artificial receptors that target
tumor-specific antigens, achieving striking responses in some hematologic malignancies (17). Though dramatic successes
have been achieved, response rates are variable and immune-related adverse effects—Ilike colitis and pneumonitis—present
management difficulties (18).

4. TARGETED THERAPY

Fig 2: Targeted Therapy
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Targeted treatments interrupt oncogenic signaling cascades that promote tumor growth while avoiding most normal cells.
Tyrosine-kinase inhibitors (TKIs) such as imatinib inhibit the BCR-ABL fusion protein in chronic myeloid leukemia,
inhibiting uncontrolled proliferation (19). Monoclonal antibodies such as trastuzumab bind to HER2 in breast cancer,
blocking receptor signaling and evoking immune cytotoxicity. Even better tolerated than conventional cytotoxics in general,
targeted therapies are subject to resistance mechanisms—ranging from secondary mutations to pathway bypass—that
constrain durability (20, 21). Current research addresses combination regimens and next-generation inhibitors to circumvent
resistance.

5. HORMONE THERAPY

Fig 3: Hormone Therapy

Hormone-dependent tumors—~breast and prostate most prominently—are treated by endocrine manipulation. Selective
estrogen-receptor modulators like tamoxifen interfere with estrogen binding to estrogen receptors (ERs) in ER-positive breast
cancer, inhibiting tumor growth (22, 23). Aromatase inhibitors (e.g., letrozole) also decrease estrogen production, and
androgen-deprivation therapy (ADT) with drugs like leuprolide decreases testosterone in prostate cancer (24). Benefits are
considerable, but side effects—such as osteoporosis, cardiovascular risk, and metabolic alterations—are still issues (25).

6. STEM-CELL TRANSPLANTATION (BONE-MARROW TRANSPLANT)

After high-dose chemotherapy or radiation, infusion of the hematopoietic stem cells can restore marrow function, a technique
central to the treatment of leukemias, lymphomas, and multiple myeloma (26). Transplants can be autologous (derived from
the patient) or allogeneic (donor-derived). Allogeneic procedures yield graft-versus-tumor effects but risk graft-versus-host
disease (GVVHD), where donor immune cells attack recipient tissues and may cause serious complications (27, 28).

7. HYPERTHERMIA THERAPY

Hyperthermia Treatment

Fig 4: Hyperthermia Therapy

Hyperthermia subjects tumors to 40 — 45 °C (104 — 113 °F) temperatures, directly causing cancer-cell apoptosis and tumor
radiosensitization and chemosensitization (29). Methods are microwave hyperthermia and radio-frequency ablation, used in
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tumors in organs like liver, breast, and prostate (30). Accurate temperature control is essential; excessive heat can damage
nearby normal structures, while suboptimal heating diminishes therapeutic efficacy.

8. PHOTODYNAMIC THERAPY (PDT)

Photodynamic therapy involves a photosensitizing drug and light of a defined wavelength; when excited, the photosensitizer
forms reactive oxygen species that selectively kill cancer cells (31). PDT is indicated for some skin, esophageal, and lung
malignancies. Due to limited light penetration, deeply located tumors are less responsive, and photosensitivity in patients is
transient. Future research continues to improve photosensitizer chemistry and light-delivery systems with the goal of
extending PDT's use.

Bioactive Herbal Compounds in Cancer Therapies:

Herbal medicine has been practiced for millennia as an integral component of ancient health systems like Ayurveda,
Traditional Chinese Medicine (TCM), and indigenous systems of medicine to treat and prevent numerous diseases, including
cancer. Various plant-based drugs have demonstrated great anticancer activity, and these are now being integrated into
modern oncology either as treatment agents directly or as an adjunct to conventional treatment. The anticancer efficacy of
herbal medicine is because of its diverse bioactive constituents, which target multiple mechanisms of tumor growth, drug
resistance, and immune modulation.

1. Curcumin (Turmeric - Curcuma longa)

_ B -

Fig 5: Turmeric - Curcuma longa

Curcumin, the polyphenolic molecule derived from turmeric (Curcuma longa), is studied widely for its anticancer effect.
Curcumin has been reported to exhibit anti-inflammatory, antioxidant, and anti-proliferative effects through the modulation
of various molecular targets, including nuclear factor-kappa B (NF-xB), cyclooxygenase-2 (COX-2), and mitogen-activated
protein kinase (MAPK) pathways. Curcumin induces apoptosis in cancer cells by upregulating pro-apoptotic proteins such
as Bax and downregulating anti-apoptotic proteins such as Bcl-2. Curcumin also inhibits angiogenesis by suppressing VEGF
signaling, thus curbing the vascularization of the tumor. Curcumin also enhances chemotherapy efficacy and reduces drug
resistance, and hence it is an effective adjuvant in cancer therapy (33,34)

2. Resveratrol (Grapes - Vitis vinifera)

e _
Fig 6: Grapes - Vitis vinifera
Resveratrol, a natural polyphenol found in grapes, berries, and peanuts, has exhibited anticancer activity of wide spectrum.
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It exerts its anticancer effect through multiple mechanisms, i.e., inhibition of cell proliferation, induction of apoptosis, and
modulation of inflammatory and oxidative stress pathways. Resveratrol activates tumor suppressor genes like p53 and
interferes with oncogenic signaling pathways like phosphoinositide 3-kinase (PI3K)/Akt and mammalian target of rapamycin
(mTOR). It also enhances the effectiveness of chemotherapy and minimizes its side effects, e.g., cardiotoxicity in doxorubicin
treatment (35-37).

3. Quercetin (Onion)

Fig 7: Onion

Quercetin is a flavonoid found in onions, apples, and tea that is known for its potent antioxidant and anticancer activities.
Quercetin induces apoptosis in cancer cells through the modulation of essential apoptosis proteins such as caspases and Bcl-
2 family proteins. Quercetin inhibits angiogenesis through the downregulation of VEGF and matrix metalloproteinases
(MMPs), metastasis, and invasion of tumors. Besides that, it has also been reported to modulate drug resistance by inhibiting
efflux transporters such as P-glycoprotein (P-gp), thereby enhancing the efficacy and bioavailability of chemotherapeutic
drugs (38-40).

4. Epigallocatechin Gallate (EGCG) (Camellia sinensis Green Tea)

g ¢ A

Fig 8: Camellia sinensis Green Tea

EGCG, the major catechin in green tea, contains strong anticancer activity owing to its ability to inhibit tumor growth and
metastasis. It does this by inhibiting oncogenic pathways such as PI3K/Akt and Wnt/B-catenin and stimulating tumor
suppressor pathways such as p53. EGCG causes cell cycle arrest at the G1 phase, inhibits angiogenesis through inhibition of
VEGF expression, and enhances immune responses by controlling cytokine levels. EGCG also acts synergistically with
conventional chemotherapy, making it more effective while reducing side effects like oxidative stress(41-43)

5. Berberine (Barberry - Berberis vulgaris)
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Fig 9: Barberry - Berberis vulgaris

Berberine, an alkaloid compound isolated from Berberis vulgaris and other medicinal plants, has been studied in-depth for
anticancer activity. Berberine causes apoptosis by inducing mitochondrial damage and the production of reactive oxygen
species (ROS). It inhibits the PI3K/Akt/mTOR signaling pathway, inhibiting cancer cell survival and growth. Berberine also
modulates immune responses by activating T-cells and inhibiting tumor-induced immunosuppression. Berberine has also
been shown to reverse multidrug resistance by inhibiting ATP-binding cassette (ABC) transporters, which cause resistance
to chemotherapy (44-47)

6.Withaferin A (Ashwagandha - Withania somnifera)

Fig 10: Ashwagandha - Withania som

Withaferin A, a steroidal lactone compound from Withania somnifera (Ashwagandha), has shown strong anticancer activity.
It induces apoptosis by activating the p53 cascade and inhibiting nuclear factor-kappa B (NF-xB), reducing inflammation
and survival of cancer cells. Withaferin A inhibits metastasis by downregulating epithelial-mesenchymal transition (EMT)-
related proteins and inhibiting tumor angiogenesis. It also enhances the efficacy of chemotherapeutic agents with the added
benefit of sparing normal tissues from toxicity (48,49).

7.Sulforaphane (Broccoli - Brassica oleracea)

o 2 o' s s

Fig 11: Broccoli - Brassica oleracea
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Sulforaphane, a bioactive phytochemical found in broccoli and Brussels sprouts, part of the cruciferous vegetable class, has
been shown to have highly potent anticancer activity. Its mechanism is enabled by the induction of phase Il detoxification
enzymes, such as glutathione S-transferase, which detoxify carcinogens. Sulforaphane also induces apoptosis through
caspase activation and inhibition of histone deacetylases (HDACs), which are involved in cancer development (50, 51). Its
ability to enhance the immune response and inhibit chronic inflammation makes it a potential agent for cancer prevention
and cancer treatment.

9. ADVANTAGES OF HERBAL THERAPY IN CANCER CARE
e Decreased Toxicity:

In contrast to traditional therapies, most herbal agents display selective cytotoxicity—poisoning cancer cells with minimal
toxicity to normal tissues. This selectivity decreases frequent side effects like nausea, neuropathy, and immune suppression,
enhancing patient tolerance and quality of life.

o Reversal of Drug Resistance:

Some phytochemicals, like quercetin and berberine, inhibit the drug efflux transporters (e.g., P-glycoprotein) commonly
involved in chemotherapy resistance. By inhibiting these pathways, plant compounds may reverse cancer cell resistance to
standard treatments.

e Synergistic Potential with Standard Therapies:

Herbal drugs can be administered in combination with conventional cancer therapies to improve therapeutic effectiveness.
Their synergistic effects can result in decreased doses of chemotherapeutic agents, thus reducing toxicity and preserving or
enhancing efficacy.

e Immune System Modulation:

Numerous plant-derived molecules have immunomodulatory activity, which acts to enhance the host's natural defense
mechanisms against cancer. By improving immune surveillance and response, the agents are involved in the control and
elimination of cancer cells.

10. COMPARATIVE STUDY OF ALLOPATHIC AND HERBAL MEDICINE IN CANCER TREATMENT,;

Cancer management involves a broad array of treatment approaches, mainly divided into allopathic (conventional) and herbal
(alternative) medicine. Conventional treatments like chemotherapy, radiation therapy, surgery, targeted therapy, and
immunotherapy have massive clinical evidences supporting them and are the standard of care in oncology. These modalities
can control or destroy tumors but are usually associated with severe side effects such as immunosuppression, fatigue, nausea,
and lasting organ toxicity. Herbal medicine, on the other hand, derived from plant-derived compounds such as flavonoids,
polyphenols, alkaloids, and terpenoids, has proven to be an adjuvant therapy. Herbal preparations have shown promise in
mitigating the side effects of standard treatments, restoring immune competence, and enhancing quality of life.A Health
Technology Assessment that examined 14 clinical trials involving 1,965 cancer patients with diverse malignancies—such as
breast, lung, ovarian, pancreatic, and stomach cancers—discovered that combining herbal medicine with conventional
treatments significantly lowered the risk of death (RR 0.67, 95% CI 0.51-0.90) and minimized the side effects of treatment
(RR 0.62, 95% CI 0.54-0.71). Nevertheless, this combined intervention added a critical $19.64 million to healthcare costs
annually. Individual herbal supplements like SHO03 and Fucoidan have demonstrated potential in clinical applications, with
SHO003 under evaluation for safety and anti-tumor activity in solid tumors, and Fucoidan showing anti-inflammatory and
tumor-inhibiting effects, especially in advanced cancers.In spite of these optimistic reports, authorities firmly advise against
using herbal or alternative treatments alone in cancer therapy. A National Cancer Institute study found that breast, lung, and
colorectal cancer patients who used alternative medicine alone had much lower survival rates. Indeed, five times more breast
cancer and colorectal cancer patients were likely to succumb within five years if they did not undergo conventional allopathic
therapy. This emphasizes the vital role of evidence-based medicine to obtain the best results.herbal medicine can have
positive adjunctive effects—such as lowering toxicity and enhancing the quality of life for patients—it should not be used to
substitute traditional cancer therapies. A unified, individualized strategy blending the benefits of both allopathic and herbal
medicine seems to present the most efficient and safest approach to the treatment of cancer.

11. CONCLUSION

Integrative oncology, the integration of traditional cancer therapy and herbal medicine, is promising for maximizing
therapeutic benefits with reduced toxicity. Traditional treatments such as chemotherapy, radiotherapy, immunotherapy, and
targeted therapy are efficacious but are frequently associated with severe side effects, drug resistance, and low quality of life.
Herbal substances like curcumin, resveratrol, quercetin, and berberine possess anticancer activity by inducing apoptosis,
immunomodulation, and inhibition of angiogenesis. These herbs can enhance treatment effectiveness, alleviate side effects,
and bypass resistance when used as adjuvants. The advantages of integrative strategies have clinical support through the
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demonstration of enhanced survival and lowered toxicity. Caution, however, must be exercised because the exclusive use of
herbal medications without the use of conventional therapies can lower survival. More large-scale clinical trials should be
conducted to create safe, standardized protocols for integration. Finally, an evidence-based patient-centered model that
blends mainstream and complementary therapies can improve cancer care, providing a holistic and optimistic future for
treatment approaches
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