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ABSTRACT
Phytochemicals, naturally occurring compounds found in plants, have garnered significant attention for their potential 
in preventing and managing various diseases, including lung cancer. Among the diverse classes of phytochemicals, 
polyphenols stand out due to their antioxidant and prooxidant properties. These compounds, such as the phenolic component 
piperine from Piper nigrum and Piper longum, have demonstrated cytotoxic and apoptotic effects on lung cancer cells. 
Common sources of phytochemicals include fruits, vegetables, herbs, and spices, which have traditionally been used 
for their medicinal properties. Phytochemicals exert their effects through multiple mechanisms, including antioxidant, 
anti-inflammatory, pro-apoptotic, and cell-cycle inhibition actions. For instance, antioxidants like catechin, cyanidin-3-
glucoside, and kaempferol help scavenge reactive oxygen and nitrogen species, thereby preventing oxidative damage that 
can lead to cancer. Anti-inflammatory phytochemicals such as resveratrol and curcumin modulate inflammatory pathways, 
while compounds like quercetin and genistein induce apoptosis in cancer cells. Clinical trials have begun to explore the 
efficacy of these compounds in enhancing the response to conventional cancer treatments, reducing side effects, and 
overcoming therapeutic resistance. Despite their promising potential, challenges such as bioavailability, metabolism, 
and safety must be addressed to fully integrate phytochemicals into clinical practice. Advances in nanotechnology and 
formulation improvements offer potential solutions to these challenges, paving the way for safer and more effective 
cancer therapies.
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Introduction
Overview of Lung Cancer: Incidence, Mortality, and 
Leading Causes

Lung cancer is a leading cause of global cancer incidence 
and associated mortality. According to GLOBOCAN 2022, 
lung cancer contributed 12.4%, which is around 2.5 million 
new cases to the global cancer burden and were responsible 
for 18.7% or 1.8 million cancer-related deaths[1]. In the 

U.S., lung cancer remains the leading cause of death in men 
over 40 years and women over 59 years of age. However, 
the average age of lung cancer diagnosis is around 70 years, 
with a majority of cases being reported between the age 
range of 55-74 years old[2]. Tobacco smoking remains one 
of the significant risk and causing factors of lung cancer as 
increased lung cancer incidence coincides with the rise in the 
tobacco industries. Since men smoke more in comparison 
to women, global lung cancer incidence and mortality are 
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twice as high as in men. Recently, due to the advent of 
tobacco smoking in women, a significant rise has been 
observed in the number of lung cancer cases in women[3]. 
Owing to the diverse number of risk factors involved, there 
is a significant difference in the nationwide prevalence and 
mortality of lung cancers. European countries, including 
Asian countries, specifically Western Asia, are leading in 
terms of lung cancer incidence rates, whereas Hungary, 
followed by Siberia, leads in terms of mortality rates[4]. 
Apart from smoking and secondhand smoking, air pollution, 
hereditary infections like tuberculosis, and occupational 
risk factors like exposure to asbestos, radon, arsenic, and 
other carcinogenic chemicals are leading causes of lung 
cancer incidence[2].

Definition and Significance of Chemical-induced Lung 
Cancer

It is now widely accepted that the gene-environment 
interaction plays a significant role in cancer initiation, 
development, and progression. Exposure to environmental 
carcinogens like a wide variety of chemicals has been 
recently studied with respect to the incidence of lung cancer. 
Lung cancers caused by exposure to chemical carcinogens 
are termed chemical-induced lung cancers. These chemical 
carcinogens majorly include tobacco smoke, asbestos, 
aflatoxin, chromium, arsenic, cadmium, mustard gas, radon, 
silica, uranium, vinyl chloride, petroleum-based products 
like gasoline, chloromethyl ethers, diesel exhaust, and 
coal products[5,6]. Chemical-induced lung cancers pose a 
significant burden to lung cancer-associated deaths. Around 
80% of lung cancer-associated deaths were attributed to 
smoking. Air pollution was responsible for  108,000 deaths, 
utilization of solid fuel or coal resulted in 36,000 deaths, and 
even secondhand smoking was estimated to be responsible 
for 21,000 deaths[6].

Importance of Exploring Alternative and Complementary 
Therapies

Lung cancer pose severe health hazards that include a variety 
of symptoms, majorly presenting with a persistent cough that 
gets worse, occasionally spitting blood as cancer advances. 
Other reportedly common symptoms include chest pain, loss 
of appetite, shortness of breath, wheezing, and fatigue, which 
are consistent with weight loss. The symptoms manifest 
according to the age and health standards of the patient, 
where stage and anatomical location of the cancer further 
aggravate the condition[7]. Numerous treatment modalities 
have been adapted for the treatment of lung cancers that 
again depend upon the symptoms, overall health, tumor 
site and the stage of cancer. For early-stage lung cancers, 
surgery remains the primary treatment option, but if the 
tumor is not resectable, other options like radiotherapy and 

chemotherapy separately or in combination are often used. 
Some recent developments include targeted immunotherapy, 
laser therapy, photodynamic therapy and cryosurgery[8]. 
However, each treatment modality mentioned above is 
not only majorly unaffordable but also has potential side 
effects where some are manageable while others may pose 
a significant burden on the overall quality of life. Therefore, 
it is of dire importance that researchers should look for 
improved patient-friendly alternative therapeutics against 
this financially toxic global menace[9]. Exposure to chemical 
carcinogens such as polycyclic aromatic hydrocarbons 
(PAHs), arsenic, and asbestos plays a critical role in lung 
carcinogenesis by inducing oxidative stress, DNA damage, 
and activation of oncogenic pathways such as NF-κB and 
PI3K/Akt. These agents promote chronic inflammation, 
genomic instability, and uncontrolled cell proliferation. 
Phytochemicals, including curcumin, resveratrol, and 
quercetin, have been shown to counteract these effects by 
scavenging reactive oxygen species (ROS) and modulating 
key signaling pathways involved in tumor initiation and 
progression.

This article aims to review the therapeutic potentials of 
phytochemicals in the treatment and prevention of chemical-
induced lung cancer.

Phytochemicals and their Sources
Definition and Classification

Phytochemicals are bioactive compounds secreted 
by plant sources (grains, fruits, herbs, nuts) as their 
protective mechanism against microbes, helminths, and 
viruses and exhibit strong antioxidant activities[10]. The 
phytochemicals from dietary and herbaceous sources have 
evidenced immense effects as anti-cancerous drugs and 
chemotherapeutic compounds or adjuvants[11].

Explanation of phytochemicals: naturally occurring 
compounds in plants

Phytochemicals are the secondary metabolites in plants that 
play significant roles in development and have protective 
functions against harmful agents and environmental 
stress[13]. They are characterized by possessing at least 
one aromatic ring and hydroxyl groups attached. They 
enhance plant reproduction  using dispersal, pollination and 
germination and are also responsible for colours and flavours 
in plants[12]. They are also specific to plant species and 
exhibit an excellent source of medicinal utility. The nature 
and distribution of phytochemicals in individual plants also 
vary depending upon the plant tissue, although they are 
synthesized from carbohydrates via the phenylpropanoid 
or shikimate pathways[13]. 
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Classification: flavonoids, alkaloids, terpenoids, 
polyphenols, etc

Based on the structural components found in the 
phytochemicals, they are majorly classified as alkaloids, 
polyphenols, glycosides, carotenoids, flavonoids, terpenoids, 
phytosterols, saponins and fibres[14-16]. Flavonoids are 
widely known phytochemicals with numerous medicinal 
benefits, such as reducing the risk of cardiovascular diseases, 
cancers, and aging[14]. Among all classes, the most found 
phytochemicals are polyphenols[17,18], which are rich in 
antioxidant and prooxidant properties. For example, the 
phenolic component ‘piperine’ found in Piper nigrum and 
Piper longum, commonly used in cooking as spices, has 
been reported to have cytotoxic and apoptotic effects on 
human lung cancer A549 cells[19].	

Fruits, vegetables, herbs, and spices are common sources 

of phytochemicals and have been traditionally used for 
their medicinal properties. In the case of flavonoids, berries 
are regarded as a rich source in addition to cowpeas, dark 
chocolate, oregano, and green or black tea. Additionally, 
tea, coffee, and chocolate are rich in alkaloids. However, 
potatoes contain alkaloids that can be toxic, like solanine in 
potatoes. Marine phytoplankton, mushrooms, some plants 
and fungi are rich in terpenoids, whereas fresh foods contain 
high amounts of polyphenols. 

Mechanisms of Action
There are numerous ways through which phytochemicals 
impart their medicinal properties. It majorly includes 
antioxidant, anti-inflammatory, pro-apoptotic, cell-cycle 
inhibitors, and anti-microbial actions. Here, they are 
introduced briefly.

Table 1: Molecular Mechanisms and Clinical Status of Key Phytochemicals in Lung Cancer Therapy

Phytochemical Source Molecular Mechanism of Action Clinical Status
Quercetin Apples, onions Inhibits PI3K/Akt and NF-κB signaling, induces 

caspase-mediated apoptosis, and promotes cell cycle 
arrest

Preclinical/ early clinical 
trials

Resveratrol Grapes, berries Suppresses NF-κB and MAPK pathways, induces 
apoptosis via caspase-3 activation, and inhibits 
angiogenesis

Phase I/II clinical trials

Curcumin Turmeric Inhibits NF-κB, STAT3, and PI3K/Akt pathways, 
reduces proliferation, and induces apoptosis

Clinical trials ongoing

Genistein Soybeans Modulates estrogen receptor signaling and inhibits 
tyrosine kinases, leading to apoptosis and reduced tumor 
growth

Preclinical

EGCG Green tea Inhibits MAPK and PI3K/Akt pathways, reduces 
oxidative stress, and suppresses tumor cell proliferation

Clinical studies

Figure 1. Mechanisms of Action of Phytochemicals in Lung Cancer Prevention and Therapy
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Antioxidant Activity
Most diseases result from the accumulation of oxidants 
commonly termed reactive oxygen species (ROS) and 
reactive nitrogen species (RNS). They accumulate in the 
cells because of normal metabolism, leading to pathogenesis. 
Therefore, it is essential to keep their concentration in check 
by scavenging them. Phytochemicals have been known 
to play an important role as antioxidants that are rich in 
fruits, grains, algae, fungi, and vegetables. The user input 
discusses the presence of antioxidant phytochemicals in 
fruits, vegetables, and cereal grains[20]. Even antioxidants 
are found in fruit wastes like peel and seed and in vegetables 
such as Chinese toon bud, ginseng leaf, and broccoli. 
They contain well-known antioxidant compounds like 
catechin, cyanidin 3-glucoside, epicatechin, gallic acid, 
kaempferol, and chlorogenic acid. Additionally, pigmented 
rice varieties like black, red, and purple rice contain high 
levels of antioxidant phytochemicals such as flavones and 
tannins[21]. The overproduction of the oxidant species in 
the cells can cause DNA damage or mutations that might 
later become carcinogenic[22]. In a study, older women’s 
consumption of red wine, strawberries, vitamin C, or spinach 
was significantly associated with an increase in the total 
antioxidant capacity of serum[23].

Anti-inflammatory Effects
Another well-established medicinal property of the 
phytochemicals includes their anti-inflammatory role. 
Inflammation is one of the earliest symptoms that a disease 
often presents with. Inflammation is the immune system 
reacting to malfunctioning at the cellular or tissue levels. 
It is from the extensive and untreated inflammation that 
a tissue starts to damage. Inflammation is often caused, 
prolonged and mediated by the accumulation of oxidants 
like ROS and RNS[24]. As a result, the body launches anti-
inflammatory mechanisms to alleviate the effects. However, 
that occasionally falls short of preventing the spread of 
inflammation. In such cases, numerous phytochemicals 
have been identified to play a significant role in modulating 
the inflammatory pathways to attenuate the heightened 
inflammatory response[25]. Phenolic phytochemicals like 
resveratrol, apigenin, astilbin, curcumin, and genistein 
are reported to suppress the action of pro-inflammatory 
molecules like Interferons (IFN-gamma), interleukins 
(IL-17,16,18), C-reactive proteins and TNF-alpha[26]. 
These molecules are essential components of the molecular 
signalling pathways that control inflammation at the cellular 
and tissue levels.

Induction of Apoptosis
Apart from the antioxidant and anti-inflammatory actions, 
the phytochemicals are known to function as pro-apoptotic. 
The induction of apoptosis is an essential medicinal property 
that can be used as a therapeutic against the proliferation of 
tumor cells. The role of phytochemicals in the regulation 

and mediation of programmed cell death has been explored 
by numerous studies across the globe. Phytochemicals like 
flavonoids, saponins, terpenoids, alkaloids, polyphenols, 
and coumarins have been found to regulate the pathways 
of programmed cell death that include the signalling of 
apoptosis, autophagy and pyroptosis[27]. Polyphenols 
like quercetin, catechins, apigenin, curcumin, rosmarinic 
acid, terpenoids like zeaxanthin, lutein and alkaloids like 
berberine are known to downregulate the anti-apoptotic 
molecules like BAX, p38, caspases and cytochrome-c. The 
downregulation of these molecules promotes apoptosis, 
which can be utilized as a therapeutic tool in the treatment 
of almost all cancers[28].

Inhibition of Proliferation
In addition to the pro-apoptotic roles, numerous 
phytochemicals have been identified that are known to 
interfere with the cell division process. By hampering cell 
division, these phytochemicals have found their application 
in the treatment of cancers, where the main aim of the drugs 
is to prevent the over-proliferation of the cells and prevent 
them from becoming tumors. Phytochemicals achieve this 
feat by inducing cell arrests at the different checkpoints of 
the cell cycle[29]. Such phytochemicals target three essential 
pathways that are actively involved in cellular proliferation, 
viz JAK-STAT, MAPK, and p53 pathways. Phytochemicals 
like curcumin, apigenin, and EGCG, which are majorly 
found in black and green tea, target these pathways to cause 
ani-proliferative effects in cancers[30].

Epigenetic Modulation
Recent studies have explored and found the significance 
of phytochemicals in the modulation of epigenetics. Since 
epigenetic modifications are strongly correlated with the 
expression of the genes, various phytochemicals have 
been identified that target different epigenetic mechanisms, 
leading to modifications in gene expression[31]. For 
example, phytochemicals like genistein, phenethyl 
isothiocyanate, curcumin, sulforaphane, organosulfur 
compound, resveratrol, and Indole-3-carbinol inhibit the 
deacetylation of histone proteins. In contrast, others like 
EGCG, genistein, and curcumin inhibit the acetylation of 
histone proteins. Additionally, phytochemicals such as 
EGCG, Genistein, organosulfur Compound, Lycopene, 
Phenethyl isothiocyanate, Curcumin, Sulforaphane, and 
Resveratrol inhibit the DNA methylation process by 
activating DNA methyltransferase enzymes[31]. 

Key Phytochemicals in Lung Cancer 
Treatment
Curcumin

The phytochemical curcumin is derived from the rhizome 
of Curcuma longa (turmeric). It has significant therapeutic 
potential in lung cancer treatment via different mechanisms, 
from inhibiting cell proliferation, migration, and invasion, 
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inducing apoptosis, to enhancing the chemotherapy effects 
through the modulation of different molecular pathways. 
Modulated doses of curcumin have been shown to inhibit 
lung cancer cell migration, invasion, and metastasis through 
the Rac1/PAK1 signalling pathway and downregulation 
of MMP-2 and MMP-9 expression[32]. Additionally, 
curcumin is known to suppress drug resistance in lung 
cancer cells, mainly by altering miRNA expression, such 
as downregulating miR-186*[33]. When it comes to the 
induction of the apoptotic pathways, curcumin was found 
to induce apoptosis in non-small cell lung cancer (NSCLC) 
cells through mechanisms involving calcium signalling 
pathways and Bcl-2 mediated IP3R phosphorylation[34]. 

Resveratrol

Resveratrol, a natural polyphenol found in red wine and 
various plants, has garnered significant attention for its 
potential therapeutic effects. Resveratrol is a natural 
component in red wine, grapes, and other plants. Resveratrol 
has been shown to inhibit lung cancer cell growth and 
metastasis, making it a promising chemo-preventive and 
chemotherapeutic agent. It operates through multiple 
mechanisms, including the induction of apoptosis, inhibition 
of metastasis, suppression of tumor-associated macrophages, 
induction of premature senescence, modulation of microRNA 
expression, and enhancement of radiosensitivity. These 
multifaceted actions underscore resveratrol’s promise as 
a chemo-preventive and chemotherapeutic agent for lung 
cancer, supported by various studies demonstrating its 
efficacy and potential for improved delivery systems[35]. 
Resveratrol induces apoptosis by activating caspases and 
disrupting the mitochondrial membrane complex. It also 
causes cell cycle arrest in the G1 phase by up-regulating 
p53 and p21 [35]. Resveratrol was found to suppress the 
metastasis by inhibiting heme oxygenase-1 (HO-1) and 
matrix metalloproteinases (MMP-2 and MMP-9) through 
the NF-kappaB pathway [36]. 

Quercetin

Quercetin is a bioactive plant flavonoid commonly found in 

foods such as apples, onions, berries, and tea[37]. Quercetin 
has shown potential in preventing the progression of lung 
cancer and has synergistic effects with conventional 
chemotherapy drugs. Quercetin induces apoptosis in non-
small cell lung cancer (NSCLC) cells by up-regulating 
apoptosis-related genes such as p53, Bax, and Fas and 
increasing the Bax/Bcl-2 ratio[38]. It enhances tumor 
necrosis factor-related apoptosis-inducing ligand (TRAIL)-
induced cytotoxicity by increasing death receptor 5 (DR5) 
expression and suppressing survivin expression[39]. 
Additionally, quercetin modulates signalling pathways 
involved in cell proliferation, such as the Akt/MAPK/β-
catenin pathway, and inhibits epithelial to mesenchymal 
transition (EMT)[40]. It also affects microRNA (miR) 
expression, particularly the tumor suppressor let-7 family 
and other carcinogenesis-related miRs[41]. Perhaps one 
of the surprising roles of quercetin is that it enhances 
the chemosensitivity of lung cancer cells to gemcitabine 
by inhibiting heat shock protein 70 (HSP70) expression, 
promoting apoptosis[42]. These findings suggest that 
Quercetin could be a valuable adjunct in lung cancer therapy, 
warranting further research to elucidate its therapeutic 
potential fully.

Genistein

Genistein is primarily found in soybeans and soy-
based foods[43]. Genistein has shown potential as a 
chemotherapeutic agent against lung cancer by promoting 
apoptosis and inhibiting cell proliferation. Genistein 
promotes apoptosis in lung cancer cells through various 
pathways, including the IMPDH2/AKT1 and mitochondrial 
apoptosis pathways[44]. Another way through which 
Genistein is found to induce apoptosis is by activating 
caspase 3/9 and increasing reactive oxygen species 
formation[45]. Genistein can cause cell cycle arrest at the 
G2/M phase, which contributes to its antiproliferative effects 
[46]. Recent research has shown that Genistein can enhance 
the efficacy of other anticancer drugs like trichostatin A, 
adriamycin, docetaxel, and tamoxifen, suggesting its 
potential in combination therapies[43,47]. 

Table 2: Comparative Analysis of Curcumin, Resveratrol, and Quercetin in Lung Cancer Therapy

Parameter Curcumin Resveratrol Quercetin
Source Turmeric (Curcuma longa) Grapes, berries Apples, onions
Key Molecular 
Targets

NF-κB, STAT3, PI3K/Akt NF-κB, MAPK, SIRT1 PI3K/Akt, NF-κB

Mechanism of 
Action

Anti-inflammatory, induces 
apoptosis, inhibits proliferation

Antioxidant, anti-inflammatory, 
promotes apoptosis

Antioxidant, induces 
apoptosis, inhibits tumor 
growth

Bioavailability Very low Very low (<1%) Low
Pharmacokinetics Poor absorption, rapid 

metabolism
Rapid hepatic metabolism Rapid metabolism

Clinical Status Clinical trials ongoing Phase I/II trials Early clinical studies

Major Limitation Poor solubility Low stability and rapid clearance Poor absorption
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Therefore, in summary, phytochemicals are compounds 
naturally found in plants with promising potential in 
preventing and managing lung cancer. Numerous in vitro 
and in vivo studies have investigated their modes of action, 
effectiveness, and possible use as supplementary treatments 
alongside standard therapies. In addition to the induction 
of programmed cell death, phytochemicals have been 
known to sensitize lung cancer cells to chemotherapeutic 
drugs, enhancing their efficacy and potentially reducing 
the required dosage and associated side effects[48]. In vivo 
studies, such as the one done in mice NSCLC xenografts to 
study the antiproliferative effects of soy phytochemicals, 
were reported to decrease tumor proliferation, increase 
apoptosis, and induce necrosis within the tumors. The 
modulation of the Akt-signaling pathway was identified 
as a critical mechanism in this process[49]. Compounds 
such as curcumin, resveratrol, and quercetin have shown 
promise in targeting cancer stem cells associated with 
chemoresistance and, therefore, improving treatment 
outcomes[50]. Animal models are crucial as preclinical 
screening models in validating these effects and guiding 
the development of phytochemical-based lead compounds 
worth therapeutic application. With extensive data available 
from in-vitro and in-vivo studies on the efficacy, toxicity, 
pharmacokinetics, and safety of a phyto-derived lead 
compound, it becomes clear that human clinical trials 
should proceed. Integrating these natural compounds into 
lung cancer treatment regimens could offer safer and more 
effective therapeutic options.

Clinical Trials

Around half of the anticancer drugs approved between 
1940 and 2014 have their origins in natural products or are 
directly derived from them[51]. Clinical trials involving 
phytochemicals for cancer treatment are still in the early 
stages despite developing many potential anticancer 
compounds. These trials focus on three main areas: enhancing 
the response of cancer cells to standard chemotherapy 
and radiotherapy, minimizing the severe side effects of 
standard cancer treatment, and identifying any unwanted 
interactions with standard therapy. Preclinical research has 
demonstrated the effectiveness of various phytochemicals, 
such as berberine, curcumin, green tea, catechins (including 
EGCG), lycopene, quercetin, resveratrol, and sulforaphane. 
Following are the phytochemicals that are currently in 
clinical trials for various cancers[52].

•	 Berberine (NCT03281096) for colorectal cancer, 
assessing prevention of recurrence.

•	 Curcumin (NCT03072992) for advanced and metastatic 
breast cancer, assessing quality of life, safety in 
combination, progression-free survival, time to disease 
progression, and time to treatment failure.

•	 Epigallocatechin (NCT02891538) for colorectal cancer, 
assessing change in methylation pattern compared to 
baseline.

•	 Lycopene (NCT03167268) for metastatic colorectal 
cancer assesses effectiveness in reducing skin 
toxicity alone or combined with panitumumab and 
pharmacokinetics.

•	 Quercetin (NCT01912820) for prostate cancer, 
assessing EGCG, ECG, Quercetin, and their methylated 
metabolites in prostate tissue and plasma, enzyme 
activity expression of COMT, DNMT1, and MRP1, 
and inter-individual variation in the genotype of COMT.

•	 Resveratrol (NCT01476592) is used for low-grade GI 
neuroendocrine tumors to assess Notch1 activation 
and toxicity.

•	 Sulforaphane (NCT03232138) for former smokers at 
high risk of developing lung cancer, assessing bronchial 
dysplasia index, cell proliferation marker Ki-67, and 
apoptosis markers including caspase-3 and TUNEL.

Critical Points

Curcumin, Resveratrol, and Quercetin have been extensively 
studied for their anticancer potential, with reported 
clinical dose ranges of approximately 500 mg to 8 g/day 
for curcumin, 250 mg to 5 g/day for resveratrol, and 
500–1000 mg/day for quercetin. Despite their promising 
biological activities, these phytochemicals exhibit significant 
pharmacokinetic limitations. They generally show poor 
absorption and low oral bioavailability, primarily due to 
limited aqueous solubility and instability in physiological 
conditions. Additionally, they undergo extensive first-pass 
metabolism, including glucuronidation and sulfation in the 
liver and intestines, resulting in rapid conversion to less 
active metabolites. Their rapid systemic elimination and 
short half-lives further reduce their therapeutic efficacy. 
These challenges highlight the need for advanced delivery 
systems, such as nanoparticles and liposomal formulations, 
to enhance their bioavailability and clinical effectiveness 
in lung cancer therapy. Despite the potential benefits of 
phytochemicals in therapeutics, their efficacy, potency, 
bioavailability, and metabolism present various challenges 
and opportunities for research and clinical applications.

Efficacy and Potency

Among the variables associated with the efficacy and 
potency of phytochemical-based therapeutics, genetic 
differences, such as single nucleotide polymorphisms 
(SNPs), can significantly influence the bioavailability 
and dosage of phytochemicals, affecting their therapeutic 
efficacy[53,54]. Furthermore, the potency of phytochemicals 
can vary systematically with cell line and drug class, 
indicating that factors other than potency, such as the slope 
of the dose-response curve and maximum effect (Emax), 
should be considered meticulously before drawing out the 
conclusion[55].

Comparison of effectiveness between phytochemicals 
and conventional therapies

Since cancers are heterogeneous, studies have found that 
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monotherapy with anticancer drugs is not effective in 
treating different types of cancer. Additionally, existing 
anticancer drugs face several challenges, including drug 
resistance, cancer cell insensitivity, adverse effects, and 
patient inconvenience. Therefore, phytochemicals derived 
from plants could serve as a more favourable alternative 
to traditional chemotherapy for cancer treatment due to 
their various properties, such as reduced adverse effects, 
action through multiple pathways, and cost-effectiveness. 
However, various preclinical studies have demonstrated that 
combining phytochemicals with conventional anticancer 
drugs is more productive than individually treating cancer 
because plant-derived compounds have lower anticancer 
efficacy than conventional anticancer drugs. Moreover, 
phytochemicals suffer from poor aqueous solubility and 
reduced bioavailability, which must be resolved for the 
efficacious treatment of cancer[56]. Therefore, a similar 
approach was utilized by Robert et al., who targeted the 
breast cancer cells with curcumin alone and combined with 
docetaxel and concluded the benefits of the phytochemical 
in lowering the adverse effects of chemotherapeutics being 
used[57]. Despite the studies claiming the synergistic 
benefits of such combinational therapy to this date, none 
in practice, majorly because of research gaps and insufficient 
data generated from the preclinical studies to push them 
into clinical trials. The factors that affect phytochemical 
bioavailability, including food processing, digestion, and 
cellular transport mechanisms[58], are mainly unknown 
and have become the primary reason for their insufficiency 
to be translated into clinical settings.

Strategies to enhance bioavailability (e.g., formulation 
improvements)

Modern-day research with the advent of nanotechnology has 
given birth to nanomedicine, which has possible answers 
to the bioavailability issues of phytochemical-based 
therapeutics. There is strong evidence in the form of in 
vitro studies that have found the codelivery of phytochemical 
and conventional chemotherapeutics synergistically not 
only prevents limiting the dosage but also has alleviated 
the toxicity and lowered the chances of chemoresistance 
of chemotherapeutics[56]. Currently, various nanocarriers 
are being considered for this purpose, including solid lipid 
nanoparticles, Nano-emulsions, micelles, liposomes, and 
nanotubes[59].

Assessment of the safety profile of phytochemicals

Phytochemicals are generally considered safe because 
they are naturally occurring, but there have been reported 
cases of toxicity and potential health risks. While there is 
a significant amount of data from laboratory studies, there 
is still limited information on their effectiveness, dosage 
levels and safety in living organisms. Phytochemicals 
have been reported to cause adverse effects such as skin 
irritation, sensitization, phototoxicity, and allergies[60]. 
For instance, phytochemicals derived from Uvaria chamae 

showed protective roles for DNA but also were found 
to cause haematological changes, indicating potential 
immune system enhancement[61]. Similarly, extract 
from Zephyranthes citrina was found to cause some 
minor alterations in blood parameters although no major 
toxicity was reported[62]. While supporting these claims, 
recent data from the United States between 2013-2014 
reported a rise in herbal and dietary supplements that has 
resulted in 20% of all liver injuries[63]. This data strongly 
warrants the safety assessment of all phytochemical-based 
products before their use and commercialization. The safety 
assessment majorly involves the analysis of phytochemical 
properties, contamination levels, and the estimation of 
toxicological endpoints using methods such as the Threshold 
of Toxicological Concern (TTC) and Dermal Sensitization 
Threshold (DST)[60]. 

Conclusion
In conclusion, phytochemicals are naturally occurring 
compounds found in plants that have shown significant 
potential in preventing and treating lung cancer. Various 
studies have highlighted their ability to target cancer stem 
cells, reduce therapeutic resistance, and enhance the efficacy 
of conventional treatments. The key phytochemicals such 
as curcumin, resveratrol, Quercetin, and epigallocatechin-
3-gallate have been extensively studied for their chemo-
preventive and anticancer mechanisms. These compounds 
majorly function by modulating multiple cellular signalling 
pathways, including those involved in apoptosis, autophagy, 
and oxidative stress, thereby inhibiting cancer cell 
proliferation and metastasis. Phytochemicals have the 
potential to prevent cancer initiation and progression by 
exerting anti-inflammatory and antioxidant effects.

Additionally, phytochemicals were found to enhance the 
efficacy of chemotherapeutic drugs and reduce their side 
effects. Various phytochemicals are known to specifically 
target cancer stem cells, which are often responsible for 
therapeutic resistance and tumor recurrence. Furthermore, 
phytochemicals combined with conventional therapies can 
enhance treatment efficacy and reduce drug resistance. 
However, such an approach faces bioavailability issues that 
advanced delivery systems like nanoparticles and liposomes 
can address. While preclinical studies have shown promising 
results, there is a pressing need for large-scale clinical trials 
to validate the efficacy and safety of phytochemicals in lung 
cancer treatment. The major focus of these clinical trials 
should be determining the optimal doses for maximum 
therapeutic benefit with minimal side effects and assessing 
the long-term impact of phytochemical interventions on 
patient survival and quality of life. From the analysis of 
the available literature, integrating phytochemicals into 
standard lung cancer treatment protocols could offer several 
benefits, from reduced side effects and enhanced efficacy 
to personalized treatment where phytochemicals can be 
tailored to target specific molecular profiles of lung cancer. 
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