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Abstract

Curcumin, a polyphenolic molecule extracted from Curcuma longa, has emerged as a promising adjuvant and
therapeutic agent in cancer treatment, demonstrating anti-inflammatory, antiproliferative, and immunomodulatory
properties across several malignancies. This review carefully analyzes current progress in curcumin research,
clarifies the molecular processes underlying its anticancer effects, assesses therapeutic outcomes in particular cancer
types, and addresses problems in clinical translation and prospective avenues for future investigation (1-89).
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1 Introduction

Curcumin is a major focus of cancer research because it can interact with many molecular targets and cellular
signaling pathways that are important to tumor biology, such as those that control cell growth, death, blood vessel
growth, invasion, and metastasis. Preclinical studies have shown that curcumin can cause apoptosis in different
types of cancer, such as breast, lung, head and neck, prostate, and brain cancers. It does this by suppressing
antiapoptotic proteins like Bcl-2 and Bcel-xL and upregulating death receptors DR4 and DRS on tumor cells, which
leads to programmed cell death.

* Stop cells from growing and invading by targeting transcription factors and enzymes such NF-kB, AP-1, COX-2,
nitric oxide synthase, STAT3, and matrix metalloproteinase-9 (MMP-9).

« Alter the metabolism of reactive oxygen species in tumor cells, elevating ROS levels beyond thresholds acceptable
for cancer cells, therefore inhibiting tumor growth.

* Interfere with important signal transduction pathways, including PI3K/Akt/mTOR, MAPK (Ras-Raf-MEK-ERK),
Wnt/B-catenin, Hedgehog, Notch, and JAK/STAT3, which ultimately suppress prosurvival and proinflammatory
responses.

* Change cancer-related miRNAs by effectively lowering oncogenic miRNAs and raising tumor-suppressive
miRNAs.

There are still a lot of problems that need to be solved before curcumin may be used in the clinic, even
though these results are promising. Curcumin is not very soluble in water because it is hydrophobic. This means that
it is not very bioavailable when taken orally, it is broken down quickly, and it is not very stable in chemical systems.
Curcumin, in its natural form, tends to become stuck in cell membranes because of interactions that make it
hydrophobic and hydrogen-bonding, which makes it hard for drugs to reach the cytoplasm and reach therapeutic
levels. To tackle these pharmacokinetic issues, researchers have looked into structural changes, nanoformulations
(like liposomes and nanoparticles), polymeric carriers, and different adjuvant therapies. All of these are meant to
make curcumin more stable chemically, better at targeting specific cells, and easier to deliver throughout the body.

Micelle-based, liposomal, and polymeric nanoparticles are all examples of new delivery systems that make
curcumin far more bioavailable and stable. This makes it easier for the body to respond to curcumin in vivo and in
clinical settings. Moreover, molecular conjugation methods and the combination with chemotherapeutic drugs show
promise for overcoming resistance and improving lethal effects, rendering curcumin an increasingly versatile
candidate for integrated cancer therapy.

2 Molecular Mechanisms of Anticancer Activity

Curcumin exhibits anticancer properties by intricately engaging with and modulating many cell signaling pathways
essential for tumor initiation, development, and metastasis. These pathways control things like cell growth,
programmed cell death (apoptosis), angiogenesis (the growth of new blood arteries that feed tumors), and the spread
of cancer to other parts of the body. Here are further in-depth explanations of these mechanisms, along with proof:
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Inhibition of Pro-Survival and Proliferative Signaling Pathways

NF-xB Pathway: Curcumin stops nuclear factor kappa-light-chain-enhancer of activated B cells (NF-«xB) signaling,
which is typically turned up in malignancies and helps cells stay alive, inflamed, and resistant to apoptosis. By
inhibiting NF-kB activation, curcumin promotes tumor cell apoptosis and reduces inflammatory responses that
support cancer cell survival (8,21,27).

EGFR/MAPK Pathway: Curcumin inhibits proliferative gene transcription and induces apoptotic death in different
cancer cells by targeting elements of the mitogen-activated protein kinase (MAPK) cascade (such as ERK, JNK, and
p38) and the epidermal growth factor receptor (EGFR) (14,57).

PI3K/Akt/mTOR Pathway: This pathway helps cells grow and stay alive. Curcumin stops PI3K/Akt signaling,
which stops the cell cycle, speeds up apoptosis, and slows down the growth of tumor stem cells. It also increases the
levels of tumor suppressor proteins (like PTEN) and decreases the levels of pro-survival factors (like Bcl-2), which
makes cancer cells more sensitive to chemotherapy and slows their growth (21,27,35).

STAT3 Pathway: Curcumin stops gene transcription that is linked to cell growth and immunological evasion by
disrupting the Janus kinase (JAK)/signal transducer and activator of transcription (STAT) pathway (21,27).

Wnt/p-Catenin Signaling: Curcumin interferes with Wnt/p-catenin signaling, decreasing the accumulation of
nuclear B-catenin, which subsequently downregulates oncogenes such c-Myc and cyclin D1, inhibiting tumor
growth and facilitating apoptosis.

Changing Apoptosis and Cell Death

+ Curcumin improves apoptotic signaling through both intrinsic (mitochondrial) and extrinsic (death receptor)
mechanisms. This entails the equilibrium of pro- and anti-apoptotic Bcl-2 family proteins, enhancement of
mitochondrial membrane permeability, liberation of cytochrome c, and activation of caspases (21,35,57).

* Increasing the activity of death receptors (DR4, DRS) and decreasing the activity of anti-apoptotic proteins (Bcl-2,
Bcl-xL) makes cancer cells more sensitive to programmed death.

Stopping Angiogenesis and Tumor Inflammation

* Curcumin inhibits angiogenesis by diminishing vascular endothelial growth factor (VEGF) and its receptor
signaling, so obstructing tumor vascularization and restricting food availability to cancer cells (7,13,34,46).

¢ Curcumin reduces inflammation that promotes tumors by lowering the levels of cytokines including TNF-a, IL-6,
and interleukins. This is a major cause of cancer growth.

Changing the tumor microenvironment and the immune system

* Curcumin changes the tumor microenvironment by stopping inflammatory mediators and fixing immunological
dysfunction. It restores anti-tumor immunity by lowering immunosuppressive cytokines, boosting the activity of
cytotoxic T cells and natural killer (NK) cells, and messing with immunological checkpoint signaling (7,13,34,46).
* Curcumin's control of both oncogenic and tumor suppressive microRNAs (miRNAs) makes gene expression
networks in cancer cells even more precise. For example, it downregulates miR-21 (oncogenic) and upregulates
miR-192-5p (tumor suppressive).

Other Pathways and Interactions

* Curcumin has been demonstrated to influence many pathways, including JAK/STAT, Notch, Hedgehog, and p53,
hence augmenting its array of anticancer properties.

* Curcumin may help get around tumor adaptability and resistance that often happen during single-target therapy by
working on more than one signaling axis at a time.

Curcumin's ability to control many molecular and cellular targets makes it a one-of-a-kind and flexible
natural substance that could stop cancer from starting and spreading in many different types of cancer. Its activity is
especially interesting since it affects so many pathways, from cell survival and growth to immune regulation and
stopping the spread of cancer.

3 Therapeutic Uses in Certain Cancers

Liver Cancer

Curcumin has been extensively investigated for its therapeutic potential in liver cancer, exhibiting the capacity to
inhibit tumor development, induce apoptosis, and regulate critical signaling pathways associated with
hepatocarcinogenesis. Consistent findings from systematic evaluations of preclinical and clinical trials demonstrate
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curcumin's efficacy in suppressing proliferation and inducing programmed cell death in hepatocellular cancer cell
lines and animal models (1,27,39). Clinical trials indicate positive safety and acceptability profiles for oral curcumin
treatment, with notable enhancements in patient liver function indicators and overall disease progression (70,77).
Molecular processes encompass the inhibition of NF-kB, STAT3, and PI3K/Akt pathways, with the downregulation
of oncogenic miRNAs that facilitate tumor survival (1,27,39,70).

Prostate Cancer

Several meta-analyses substantiate curcumin's function as an adjunctive medication in prostate cancer treatment,
evidencing its ability to diminish tumor burden, lower prostate-specific antigen (PSA) levels, and enhance patient
biochemical recurrence rates (4,21,30). Mechanistic investigations demonstrate curcumin's suppression of androgen
receptor signaling, disruption of cell cycle regulatory proteins, and alteration of apoptotic factors that facilitate
prostate tumor regression (21,42,73). Curcumin's antioxidant and anti-inflammatory properties mitigate
inflammation associated with prostate cancer, improving therapeutic outcomes when used in conjunction with
traditional treatments (4,21).

Cancer of the colon and rectum

Dietary supplementation with curcumin is associated with a reduced incidence and development of colorectal cancer
through many mechanisms, including anti-inflammatory actions, inhibition of tumor-promoting cytokines, and
alteration of gut microbiota composition (6,23,32). Systematic studies have shown that curcumin can lower the size
of colorectal tumors and inflammatory indicators including TNF-a and IL-6 in both animal models and real-life
situations (44,75,82). Curcumin-enriched foods also make patients' lives better by reducing the negative effects of
chemotherapy and boosting their antioxidant defenses (6,23,75).

Cancers of the mouth and head and neck

Curcumin shows anti-cancer actions at the molecular level in malignancies of the mouth, head, and neck.
Experimental investigations demonstrate that curcumin inhibits the expression of genes associated with tumor
proliferation and metastasis, including COX-2, MMP-9, and cyclin D1, while enhancing the effectiveness of
chemotherapeutic drugs such as cisplatin and 5-fluorouracil (5,22,31). Clinical assessments demonstrate diminished
severity of oral mucositis in cancer patients administered curcumin, signifying its preventive and therapeutic
advantages (43,74,83). Curcumin also changes the activity of epigenetic regulators and miRNAs that are important
for cell growth and death, which helps keep tumors under control (5,22,31).

Lung and Melanoma

Recent data demonstrates curcumin’s inhibitory effect on non-small cell lung cancer (NSCLC) via cell cycle arrest
and the modulation of oncogenic Wnt/B-catenin signaling pathways, leading to reduced tumor development and
metastasis (51,60). Curcumin inhibits proliferation and causes apoptosis in melanoma by targeting many molecular
pathways, such as MAPK and PI3K/Akt, while simultaneously augmenting anticancer immune responses (60,61).
Preclinical results underscore curcumin's synergistic effects with radiation and immunotherapies, facilitating the
development of prospective combination treatments for challenging malignancies (51,60,61).

Curcumin exhibits diverse therapeutic potential across multiple cancer types by influencing tumor
development, apoptosis, inflammation, and immune responses, as evidenced by systematic reviews and meta-
analyses (1-83). These outcomes highlight the necessity for more clinical studies to enhance curcumin formulations
and their incorporation into cancer treatment regimens.

4 Improvements in Curcumin Formulations

Curcumin's therapeutic progress has been significantly hindered by its inadequate water solubility, chemical
instability, fast metabolism, and resultant limited systemic bioavailability. To address these pharmacokinetic issues,
different formulation strategies have been rigorously explored, resulting in the creation of many enhanced delivery
systems aimed at improving curcumin's absorption, biodistribution, and therapeutic efficacy.

Formulations with liposomes

Liposomal encapsulation of curcumin entails the integration of the molecule into lipid bilayer vesicles, enhancing its
solubility, stability, and bioavailability. Liposomal curcumin has a longer circulation period in the blood and is taken
up by tumor cells more easily by endocytosis (53,62). Research indicates that these formulations enhance curcumin's
anticancer and anti-inflammatory properties while diminishing systemic toxicity. Liposomal curcumin has shown
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enhanced antitumor activity in models of breast, prostate, and liver cancer when compared to free curcumin (24,53).

Nanoparticles and polymeric carriers

Nanoparticle-based delivery methods, including as polymeric nanoparticles, solid lipid nanoparticles, and
nanomicelles, represent some of the most promising methodologies. Polymeric nanoparticles provide regulated and
prolonged release of curcumin, reducing degradation and enhancing bioavailability (64,67,68). Nanoparticles also
help with passive tumor targeting by using the increased permeability and retention (EPR) effect to preferentially
build up curcumin in tumor tissues (24,67). Some formulations are surface-functionalized to actively target tumor-
specific receptors, which makes them much more effective (62).

Solid lipid nanoparticles (SLNs) are biocompatible and preserve curcumin from breaking down, which
leads to a higher plasma concentration and a longer half-life (24,62). Research shows that nanoparticle curcumin is
more effective in killing cancer cells than other types of curcumin. This includes colorectal, lung, and melanoma
malignancies (53,67,69). Nanoparticle compositions provide combination therapy techniques, including co-delivery
with antisense oligonucleotides or chemotherapeutics, thereby augmenting synergistic tumor suppression (67,68,69).

Micellar and Other Colloidal Systems

Micellar formulations use amphiphilic molecules that come together on their own to form nanoscale carriers. These
carriers hold hydrophobic curcumin molecules to make them easier to dissolve and transport throughout the body
(53). This method not only keeps curcumin from breaking down too soon, but it also helps it be absorbed better by
the stomach, which leads to higher plasma levels after oral treatment (24,62).

Other New Ways to Deliver

More progress has been made by linking curcumin with polymers and peptides to make it more targeted and easier
for cells to take up, as well as by using carriers that respond to tumor-specific circumstances (such pH and enzymes)
to release curcumin (64,67). Researchers are also looking into nanoemulsions and cyclodextrin inclusion complexes
to make things more water-soluble and bioavailable (24,62).

Implications for Clinical Practice
These new formulations work together to fix the main bioavailability problems with native curcumin, which leads to
more stable therapeutic levels and stronger anticancer effects in vivo (53,64,67). Improved delivery systems let
curcumin become part of more effective chemopreventive and chemotherapeutic plans. For example, it can be used
with standard cancer medications to lower doses and adverse effects while increasing effectiveness (68,69).
Advanced curcumin formulations, including liposomes, nanoparticles, micelles, and polymer conjugates,
significantly enhance solubility, stability, transport, and tumor targeting compared to free curcumin. These
developments greatly enhance curcumin's therapeutic efficacy against many malignancies, promote combinatorial
therapies, and constitute a vital area of continuing study (24,53,62,64,67,68,69). This is a more in-depth version with
more information and more sources:

5 Improvements in Curcumin Formulations

Curcumin's clinical progress has encountered significant obstacles owing to its inadequate water solubility, chemical
instability, quick metabolism, and low systemic bioavailability, which restrict its therapeutic concentrations in
plasma and tissues. To solve these problems, scientists have devised better delivery systems that improve curcumin's
absorption, stability, biodistribution, and anticancer effectiveness in different cancer models.

Liposomal Formulations

Liposomal encapsulation means putting curcumin molecules inside phospholipid bilayers, which makes them more
soluble and keeps them from breaking down by enzymes. Liposomes enhance curcumin's pharmacokinetic profile
by prolonging circulation duration and facilitating more effective tumor cell uptake via endocytosis (53,62). In
preclinical trials of breast, liver, and prostate malignancies, liposomal curcumin has been demonstrated to have
much stronger antitumor effects than free curcumin. You can change the lipid bilayer composition to make it easier
for drugs to get to the right places, which helps them build up at tumor sites and reduces off-target damage (24,53).

Nanoparticles with Polymeric Carriers

Nanoparticle-based delivery vehicles, including polymeric nanoparticles, solid lipid nanoparticles, and
nanomicelles, show great promise because they can give controlled, long-lasting release and keep curcumin from
breaking down and losing its effectiveness too soon. Polymeric nanoparticles made from biocompatible materials
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improve oral bioavailability and tumor targeting by taking advantage of the increased permeability and retention
(EPR) effect in tumors (24,62,64). Adding targeting ligands to the surface of nanoparticles (such folate or
antibodies) makes them much more selective and easier for cancer cells to take up (67).

Solid lipid nanoparticles (SLNs) provide the dual advantages of biodegradability and regulated drug
release, resulting in elevated plasma curcumin concentrations and extended half-lives compared to native curcumin
(24,62). Numerous studies illustrate the enhanced tumoricidal efficacy of nanoparticle-based curcumin formulations,
markedly impeding tumor cell proliferation and metastasis in colorectal, lung, and melanoma models (53,67,69).
Nanoparticles also work as multifunctional platforms for combination therapy, allowing curcumin to be delivered
with chemotherapeutic drugs or antisense oligonucleotides to boost their anticancer effects (53,67,68,69).

Colloidal and Micellar Systems

Amphiphilic surfactants in micellar formulations self-assemble into nanocarriers that trap hydrophobic curcumin,
making it easier to dissolve in water and absorb. This method keeps curcumin stable in fluids in the gastrointestinal
tract and makes it easier for the body to absorb it after it is taken by mouth (24,53,62). Micellar curcumin
formulations enhance cellular absorption and provide superior anticancer efficacy both in vitro and in animal
models.

Other New Ways to Deliver

Other cutting-edge methods involve attaching curcumin to polymers or peptides that allow for active targeting and
better penetration of tumors. Stimuli-responsive carriers are made to release curcumin only in certain conditions that
are particular to tumors, like an acidic pH or high amounts of enzymes (64,67). Nanoemulsions and cyclodextrin
inclusion complexes efficiently improve curcumin solubility and safeguard it from degradation during transport
(24,62).

Implications for Clinical Practice

These delivery platforms have greatly improved the pharmacodynamics of curcumin, resulting in greater and more
stable plasma/tissue levels that lead to better anticancer effects in vivo (53,64,67). Curcumin can be used in
therapeutic regimens, frequently with chemotherapy, to cut drug doses and side effects while increasing patient
outcomes (68,69). This is because it can improve selective tumor targeting and lessen systemic toxicity.

In short: Liposomal, nanoparticle, micellar, polymeric, and other novel curcumin formulations overcome intrinsic
bioavailability restrictions to greatly boost its medicinal effectiveness. These advances are key to unlocking
curcumin's full therapeutic potential in cancer treatment by making it more stable, allowing for tailored distribution,
and enabling multimodal combination therapies (24,53,62,64,67,68,69).

6 Impact on health and safety

Curcumin has attracted significant interest due to its preclinical anticancer potential and its promising clinical
efficacy and safety profile as a supplemental or adjunct therapy to conventional cancer therapies. Numerous meta-
analyses and comprehensive reviews have methodically assessed curcumin's efficacy, tolerability, and impact on
patient-centered outcomes across various cancer types and therapeutic contexts.

Effectiveness as an Adjunctive Treatment

Meta-analyses demonstrate that curcumin supplementation improves the overall therapeutic efficacy when used in
conjunction with standard oncological treatments, including chemotherapy, radiation, and immunotherapy
(10,12,16,33,55). Curcumin has been demonstrated to enhance the sensitivity of tumor cells to chemotherapeutic
drugs, hence increasing response rates and diminishing treatment resistance (12,55). Clinical trials involving
colorectal, breast, and prostate malignancies indicate that the incorporation of curcumin results in substantial
decreases in tumor markers, enhanced progression-free survival, and postponed recurrence (10,16,33). Curcumin
may also change markers of inflammation and oxidative stress, which could help create a better environment for
controlling cancer (69,76).

Safety and Acceptability

Numerous assessments validate that curcumin is predominantly safe, exhibiting little side effects even at elevated
oral doses over extended durations (69,76,89). The most common adverse effects are moderate stomach upset and
temporary nausea. There is no evidence of significant medication interactions or substantial organ damage (12,69).
This good safety profile makes it safe for curcumin to be used in a wide range of patients, including those who are
getting intensive conventional treatments and are at danger of getting too many adverse effects.
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Lessening of side effects from treatment

One of curcumin's clinically relevant advantages is its preventive function against toxicities generated by
chemotherapy and radiotherapy. Several systematic reviews and meta-analyses indicate that curcumin diminishes
the incidence, severity, and duration of oral mucositis in cancer patients undergoing radiotherapy or
chemoradiotherapy (9,36,48). This effect not only makes patients more comfortable and better nourished, but it also
cuts down on treatment breaks, which could lead to better cancer results.

Better quality of life

Curcumin supplementation has been linked to enhancements in various aspects of quality of life, including pain
alleviation, physical functioning, and psychological well-being in cancer patients (9,36,48,89). It is believed that its
antioxidant and anti-inflammatory characteristics help with fatigue and cachexia connected to cancer, and its
immunomodulatory effects help people tolerate routine treatments better (36,48,89). These improvements in quality
of life are very important for complete cancer therapy because they help people stick with their treatment and
improve their overall prognosis.

Clinical Biomarkers and Functional Results

Clinical studies indicate curcumin's efficacy in enhancing biomarkers associated with cancer prognosis, notably
through the lowering of pro-inflammatory cytokines (e.g., IL-6, TNF-a), oxidative stress indicators, and tumor
antigen levels (10,33,55). For example, curcumin has been linked to lower PSA levels and better histopathological
characteristics in prostate cancer (55). Likewise, curcumin-enriched diets in colorectal cancer cohorts exhibit a
reduction in inflammatory markers and an improvement in antioxidant capacity (16,23).

Constraints and Prospective Pathways

Although clinical evidence is predominantly favorable about safety and adjuvant efficacy, well-structured, extensive
randomized controlled studies remain essential to ascertain optimal dose, treatment duration, and particular cancer
types for which curcumin therapy provides maximal benefit (10,69,76). Additionally, the standardization of
curcumin formulations in clinical studies continues to pose a difficulty that affects reproducibility and applicability.
To sum up: Curcumin is a safe, well-tolerated, and effective addition to cancer treatment that improves the response
to treatment, lowers the risk of adverse effects including oral mucositis, and makes the patient's quality of life better
overall. These advantages, substantiated by comprehensive meta-analytical and systematic reviews, highlight the
clinical potential of incorporating curcumin into conventional oncological treatment
(9,10,12,16,33,36,48,55,69,76,89).

7 Discussion

Extensive preclinical and clinical research on curcumin underscores its broad-spectrum anticancer potential,
distinctive multitargeting abilities, and outstanding safety profile, establishing it as a prospective choice for
adjunctive oncological therapy. Nonetheless, despite persuasive in vitro and animal model evidence endorsing its
anticancer mechanisms—such as the production of apoptosis, regulation of signaling pathways, and amplification of
immune responses—its application in standard clinical practice is still somewhat limited.

Pharmacokinetic Barriers Impeding Clinical Translation

The main thing that keeps curcumin from being used in a lot of clinical settings is that it has a naturally bad
pharmacokinetic profile. Curcumin taken by mouth doesn't dissolve well in water, is broken down quickly in the
intestines, and is quickly removed from the body, which means that it doesn't get into the bloodstream very well and
doesn't reach therapeutic levels (24,62). These inherent difficulties hinder the attainment of sustained therapeutic
concentrations in tumor tissues, affecting dose adjustment and evaluations of clinical efficacy (24,62). Also,
curcumin's chemical instability in physiological contexts makes it less available as an active substance, which
further limits its therapeutic window.

Improvements in Formulation Science for Better Delivery

To get around these problems, new nanotechnology-based delivery vehicles such liposomes, polymeric
nanoparticles, micelles, and conjugated prodrugs have shown great effectiveness in making curcumin more stable,
soluble, and able to target tumors (53,64,67). These formulations enhance bio-distribution and enable regulated
release, resulting in elevated intratumoral concentrations and less off-target toxicity relative to free curcumin
(24,53,67). Surface modification with ligands for active tumor targeting and stimuli-responsive release mechanisms
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have further improved therapeutic selectivity and efficacy (64,67,68).

Combining therapies and molecular synergies

Another intriguing strategy entails the combination of curcumin with additional anticancer drugs or therapeutic
modalities to leverage molecular synergy and surmount drug resistance. Curcumin influences many carcinogenic
pathways and epigenetic regulators, enhancing the effectiveness of chemotherapeutics, radiotherapy, and
immunotherapies (67,68). Research indicates that the concurrent administration of curcumin with medicines such as
cisplatin or targeted molecular inhibitors enhances tumor cell death and diminishes metastasis, indicating the
potential for integrated tailored therapy regimens.

The Necessity for Superior Clinical Trials
While initial clinical trials and meta-analyses highlight curcumin's safety and supplementary efficacy,
comprehensive data from extensive, randomized, multicenter clinical trials are still limited (10,16,49,66,88). Such
studies are essential to:
* Establish standardized dose regimens,
* Identify tumor-specific response predictors,
¢ Clarify pharmacokinetic-pharmacodynamic connections, and
* Evaluate long-term safety and quality-of-life outcomes across varied patient groups (10,66,88).

Trial designs that use validated biomarkers and real-time imaging of how curcumin spreads in the body
should greatly improve our understanding of how patients respond to treatment and how to group them.

Personalized Medicine and Future Possibilities

Because tumors are different and patients' pharmacogenomics can be different, customizing curcumin therapy to fit
each person's molecular cancer profile has a lot of promise in precision oncology (53,64). The progress in genetics,
proteomics, and nanomedicine, along with curcumin's many effects, could lead to the creation of tailored, multi-
targeted therapy plans that provide the most benefit while causing the least harm.

Challenges and Things to Think About

Even though there have been some achievements, clinical translation is still hard because of problems such different
curcumin formulations, differences in bioavailability, and regulatory barriers. To make sure that curcumin-based
treatments are safe for patients and can be reproduced, it is important to have strict quality control, standardization
of formulations, and thorough validation of production processes (24,62,88). In addition, therapeutic management
must be guided by a thorough assessment of drug-drug interactions and immunomodulatory effects in combination
therapy.

Curcumin is a promising therapeutic agent with many uses, but its use in cancer treatment is limited
because of problems with how it works in the body and the fact that it hasn't been tested in major clinical trials. To
fully exploit curcumin's promise in cancer therapy (10,16,24,49,53,62,64,66,67,68,88), focused research on
enhanced delivery systems, molecular combination techniques, and personalized medicine approaches is necessary,
backed by well-designed, multicenter clinical trials.

8 conclusion

Curcumin is a strong multipotent drug in cancer treatment because it can change many signaling pathways that are
involved in inflammation, proliferation, apoptosis, and metastasis to target both tumor cells and the tumor
microenvironment. The drug has extensive activity, encompassing the suppression of carcinogenic transcription
factors like NF-kB and STAT3, the inhibition of growth factor pathways such as EGFR and PI3K/Akt, and the
manipulation of molecular regulators governing cell cycle arrest and programmed cell death (21,24,31,42,44,53).
This multi-targeted method of action makes curcumin a model for natural chemicals that can be used for many
different medical purposes and can get around tumor heterogeneity and adaptive resistance mechanisms.

Major progress in formulation science has solved the problems of curcumin's low bioavailability and stability,
making it possible to deliver it better throughout the body and target tumors more effectively using liposomal,
nanoparticle, and micellar encapsulation technologies (24,31,53,64,67). These new developments have made
curcumin more useful in the clinic by making it easier to combine with traditional chemotherapies and
immunotherapies while still being safe and well-tolerated.

Clinical evidence, bolstered by meta-analyses and comprehensive reviews, underscores curcumin's supplementary
advantages in diminishing tumor burden, alleviating treatment-associated toxicities such oral mucositis, and
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improving patient quality of life (10,12,16,36,55,69,76,89). However, the path to routine incorporation into
oncological care necessitates more large-scale, multicenter clinical trials to optimize dose regimens and validate
long-term safety and efficacy across various malignancies and patient demographics (10,16,49,66,88).

Ongoing research into curcumin's molecular processes, treatment combinations, and delivery improvements will be
essential to fully exploit its potential as a safe and effective adjuvant in customized cancer management and
integrative oncology (1-89). Curcumin mixed with FWGE is also saws a good anticancer activity(91). These
approaches hold the potential to convert curcumin's significant preclinical promise into concrete therapeutic
advantages, solidifying its status as a crucial element in the advancing arsenal against cancer.
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