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Cancer remains a leading cause of mortality worldwide, and conventional therapies

such as chemotherapy, radiation, and surgery often come with severe side effects and
limited efficacy in advanced stages. Phytochemicals, bioactive compounds derived
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can improve therapeutic outcomes, mitigate adverse effects, and serve as cost-
effective complementary agents in oncology.
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1. Introduction

Cancer is a complex and multifactorial disease characterized by uncontrolled cell proliferation, evasion of apoptosis, and
metastatic spread (Hanahan & Weinberg, 2011). Despite advancements in conventional therapies, challenges such as drug
resistance, systemic toxicity, and high recurrence rates persist (Siegel et al., 2023). As a result, there is growing interest in natural
compounds with anticancer properties, particularly phytochemicals, which have demonstrated efficacy in modulating
carcinogenesis (Aggarwal et al., 2021).

Phytochemicals are secondary metabolites produced by plants for defense against pathogens and environmental stressors (Liu,
2013). These compounds exhibit pleiotropic effects in cancer, including antioxidant, anti-inflammatory, and pro-apoptotic
activities (Surh, 2003). Epidemiological studies suggest that diets rich in fruits, vegetables, and spices correlate with reduced
cancer risk, highlighting the chemopreventive potential of phytochemicals (World Cancer Research Fund, 2018).

This review synthesizes current knowledge on phytochemicals as adjuncts in cancer therapy, focusing on their mechanisms,
clinical applications, and future directions.

Materials and Methods

A systematic literature search was conducted using PubMed, ScienceDirect, Google Scholar, and Scopus databases. Keywords
included "phytochemicals AND cancer therapy,” "natural compounds AND chemotherapy adjuncts," and specific phytochemical
names (e.g., "curcumin AND apoptosis"). Studies published between 2000 and 2023 were prioritized.

Inclusion Criteria
e Preclinical and clinical studies on phytochemicals in cancer.
e  Mechanistic insights into anticancer effects.
e Studies evaluating phytochemicals as adjuncts to conventional therapy.

Exclusion Criteria:
e Non-English publications without translations.
e Studies lacking mechanistic or efficacy data.
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Data were extracted and analyzed to identify trends,
molecular targets, and clinical outcomes.

Results
1. Key Phytochemicals in Cancer Therapy
Curcumin (Turmeric)

e Mechanisms: Inhibits NF-xB, downregulates
cyclin D1, induces apoptosis via p53 activation
(Aggarwal & Harikumar, 2009).

e Clinical Evidence: Enhances chemosensitivity in
pancreatic cancer when combined with gemcitabine
(Dhillon et al., 2008).

Resveratrol (Grapes, Berries)
e Mechanisms: Activates SIRT1, suppresses COX-2,
inhibits metastasis (Bishayee, 2009).
e Clinical Evidence: Reduces colorectal adenoma
recurrence (Howells et al., 2011).

Epigallocatechin Gallate (EGCG, Green Tea)
e Mechanisms: Modulates MAPK/ERK pathways,
inhibits DNA methyltransferases (Fang et al., 2003).

e Clinical Evidence: Delays prostate cancer
progression (McLarty et al., 2009).
Sulforaphane (Cruciferous Vegetables)
e Mechanisms:  Activates  Nrf2,  detoxifies

carcinogens, induces cell cycle arrest (Zhang et al.,
2019).

e Clinical Evidence: Reduces breast cancer stem
cells (Cipolla et al., 2020).

2. Synergistic Effects with Conventional Therapy
e Curcumin sensitizes glioblastoma cells to
temozolomide (Perry et al., 2020).
e Resveratrol enhances doxorubicin efficacy while
reducing cardiotoxicity (Al-Abd et al., 2017).

Discussion

Phytochemicals offer a multi-targeted approach to cancer
therapy,  addressing limitations  of  single-agent
chemotherapy. Their ability to modulate epigenetic
regulation, immune response, and tumor microenvironment
makes them ideal adjuncts (Kunnumakkara et al., 2018).
However, challenges such as poor bioavailability (e.g.,
curcumin’s low absorption) and variability in clinical
responses necessitate formulation improvements (Anand et
al., 2007).

Future research should focus on
e Nanoparticle-based  delivery
liposomal curcumin).
e Personalized phytochemical combinations based on
tumor genomics.
e Large-scale randomized controlled trials (RCTS).

systems  (e.g.,

Conclusion

Phytochemicals represent a promising frontier in adjunctive
cancer therapy, offering synergistic benefits with reduced
toxicity. While preclinical data are robust, translational
success depends on overcoming pharmacokinetic limitations
and standardizing dosages. Integrating phytochemicals into
mainstream oncology could improve patient outcomes and
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quality of life.
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