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Abstract
Cancer and its treatment are commonly linked to immune dysfunction, malnutrition and increased
vulnerability to infection, which can negatively affect treatment tolerance and clinical outcome. There
is increasing evidence that immunonutrition, meaning targeted nutritional strategies to modulate
immune responses, plays a critical role in improving therapeutic efficacy and quality of life in cancer
patients. Diet, bioactive phytochemicals and medicinal herbs have received greater attention for their
immunomodulatory, anti-inflammatory and antioxidant properties, especially as adjuncts to
conventional cancer therapies such as chemotherapy and radiotherapy. This review critically examines
the role of immunonutrition in the context of cancer patients with a special emphasis on the impact of
dietary constituents, plant-based phytochemicals and traditional Indian medicinal herbs in modulating
immune function and treatment outcomes.
A systematic narrative review was conducted using electronic databases such as PubMed, Scopus, Web
of Science, and Google Scholar, encompassing pertinent experimental, clinical, and review articles
published between 2000 and 2025. We discuss important immunonutrients like arginine, glutamine,
omega-3 fatty acids, vitamins and trace elements and major phytochemicals like curcumin, resveratrol,
epigallocatechin gallate and quercetin. Furthermore, the evidence for immunomodulatory potential of
traditional Indian herbs like Tinospora cordifolia, Withania Somnifera, Curcuma longa and Ocimum
sanctum is systematically summarized.
The results indicate that immunonutrition might improve immune competence, reduce treatment-related
toxicities, improve inflammatory and haematological parameters and increase overall treatment
tolerance in cancer patients. However, heterogeneity of study designs, lack of large scale randomized
clinical trials and concerns regarding standardization and herb—drug interactions are still significant
challenges. In conclusion, immunonutrition is a promising supportive modality in integrative oncology,
with a need for further well-designed clinical studies to establish standardized protocols and evidence-
based guidelines for its safe and effective use in cancer care.

Keywords: Cancer, Immunonutrition, Phytochemicals, Medicinal Plants, Chemotherapy,
Radiotherapy, Immune Modulation.
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Globally, cancer continues to be a major public health burden, and it is still one of the leading causes of
morbidity and mortality throughout the world. Cancer incidence and mortality are increasing steadily
worldwide, with millions of new cases diagnosed every year. The burden is growing due to an aging
population, urbanization, lifestyle changes, environmental exposures and dietary transitions. A
significant proportion of cancer deaths occur in low- and middle-income countries, indicating a need
for affordable and supportive interventions to enhance patient outcomes alongside standard therapies
[1,2].

Cancer is associated with profound changes in host immune function in addition to uncontrolled cellular
proliferation. Tumour cells have several mechanisms to evade immune surveillance, including
suppression of cytotoxic T-lymphocyte activity, dysregulation of cytokine signalling, impairment of
antigen presentation and functional exhaustion of natural killer cells. This tumor-induced immune
dysfunction is correlated not only with disease progression but also with reduced responsiveness to
anticancer therapies and a higher susceptibility to infections [3,4].

Standard cancer treatment methods like radiation or chemotherapy can cause damage to your immune
system. Radiation and chemotherapy are aimed at attacking the cancer cells, but because they attack all
fast-growing cells, they will harm your healthy cells as well, including your bone marrow and intestinal
immune cells. After these treatments, people are usually left with anaemia, neutropenia, lymphopenia,
mucositis, fatigue, and systemic inflammation; these problems can all lead to negative health impacts
(such as decreased quality of life, increased difficulty tolerating treatment, and decreased overall
survival) [5-7].

Recently, there has been an increase in interest in the use and application of immunonutrition in the
treatment of cancer and its impact on patients receiving treatment for cancer. Immunonutrition provides
specific nutrients and bioactive dietary constituents that are intentionally consumed to modulate
immune function, pathways of inflammation, and the metabolism of a patient. The main
immunonutrients include arginine, glutamine, omega-3 fatty acids, nucleotides, vitamins, trace
minerals, and plant-derived phytochemicals, and their effect on immune cell activity/function, cytokine
production, oxidative stress, and tissue healing has been extensively researched. There is an increasing
body of evidence demonstrating that immunonutrition may reduce the incidence of toxic effects from
conventional cancer treatments, increase the competence of the immune system, and improve the
clinical outcomes of patients receiving traditional cancer treatments if used as an adjunct to the
traditional therapy [8-10].

There continues to be a significant gap in research with regard to the systematic investigation of the
traditional herbs of India within the context of immunonutrition and their clinical outcomes in cancer
patients, despite the growing body of research related to immunonutrition. Traditionally, botanicals such
as Tinospora cordifolia (Guduchi), Withania somnifera (Ashwagandha), Curcuma longa (turmeric), and
Ocimum sanctum (Tulsi) have been used because of their immunomodulatory, adaptogenic, and anti-
inflammatory properties. Although limited preclinical and clinical data exists to support that those
botanicals could be used for enhancing immune function and assisting patients with treatments, the
scientific basis of using these herbs in creating evidence-based immunonutritional therapies has not
been sufficiently investigated [11-13] .

Therefore, the aim of this review is to critically examine the role of immunonutrition in cancer patients,
with a specific focus on diet, bioactive phytochemicals, and traditional Indian medicinal herbs in
modulating immune function and treatment outcomes. By synthesizing mechanistic, experimental, and
clinical evidence, this review seeks to highlight therapeutic potential, identify limitations, and propose
future research directions for the safe and effective incorporation of immunonutrition into integrative
cancer care.

The objective of this review was to assess the function of immunonutrition in patients with cancer, with
emphasis on the impact of diet, the effect of bioactive phytochemicals and traditional Indian medicinal
herbs on immune response and cancer treatment outcomes. This review synthesises evidence from
mechanistic studies, laboratory studies and clinical research to show the therapeutic potential of
immunonutrition; identify new research directions and highlight any limitations; and describe ways to
safely and effectively integrate immunonutrition into the holistic treatment of cancer.

4. Methodology
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A systematic review of previous research was used to assess the role of immunonutrition in patients
with cancer, with particular emphasis on how dietary components, phytochemicals and traditional
Indian medicinal herbs modulate immune function and treatment outcome, using systematic and
transparent practices to conduct literature searches of existing clinical studies, including journal articles,
documents, and reports.

Data sources/ data collection

Data was retrieved using four online databases: PubMed/Medline, Scopus, Web Of Science and Google
Scholar.

A combination of Medical Subject Headings (MeSH) and free text key words were employed in the
search strategy to identify relevant literature on the role of immunonutrition in cancer patients including
articles on “Cancer Patients, Immunonutrition, Immune Modulation, Nutrition and Immune Response,
Phytochemicals, Medicinal Plants, Traditional Indian Medicinal Herbs, Tinospora cordifolia, Withania
somnifera, Curcuma longa, Chemotherapy, Radiotherapy.”

The Review Covered Literature Published from January 2000 To December 2025 To Include Both
Foundational Studies and Recent Developments In The Areas Of Immunonutrition And Clinical
Oncology Via Integrative Approaches.

The Review Included a Wide Variety of Scientific Evidence, Including:

. RCTs (Randomized Controlled Trials)

. Observational And Cohort Studies

. Experimental In Vitro and In Vivo Studies

. Systematic Reviews and Meta-Analyses

. The Use of Evidence-Based Narrative Reviews

All Relevant Data Was Extracted Manually, Grouped into Thematic Domains (I.LE. Immune
Mechanisms, Nutritional Components, Phytochemicals, Medicinal Herbs, And Treatment-related
Outcomes), And Synthesized Qualitatively to Identify Consistent Patterns, Therapeutic Benefits,
Limitations, And Gaps in Current Knowledge.

Cancer, Immunity, and Treatment outcomes

The immune system's major job is to detect and destroy malignant (cancerous) cells through a process
known as "immune surveillance." Under normal physiological conditions, it accomplishes this task
using both the innate (non-specific) and adaptive (specific) immune system components. At some stage
during their development, however, malignant cells acquire the ability to evade immune detection and
subsequently establish and, ultimately, progress as a tumor. The dynamic relationship developing
between the tumor and the host immune system is best described by the concept of "cancer
immunoediting," which consists of three phases: elimination, equilibrium, and escape [14]. During
elimination, immune effector cells seek out and destroy newly developed malignant (tumor) cells.
During the equilibrium phase, tumor cell growth is blocked as a consequence of immune-mediated
pressure, while at the same time, less immunogenic tumor cell variants are selected. Ultimately, tumor
cells escape from being controlled by the immune system through genetic and/or epigenetic processes,
resulting in an established and clinically detectable malignant (tumor) disease [14,15]. The processes
outlined will ultimately determine disease aggressiveness, therapeutic responsiveness, and long-term
disease outcomes. Tumors use many different methods to evade detection and destruction by the
immune system, including down-regulating tumor antigen expression, disruption of antigen processing
and presentation, secretion of immunosuppressive proteins, and recruitment of regulatory immune cells
into the tumor microenvironment. These various mechanisms collectively contribute to inducing
immune tolerance, fostering a chronic inflammatory response, and/or inhibiting the development of
effective anti-cancer immune responses, all of which impact disease evolution and treatment response
[16,17].

Cytokines and Immune Cells in Cancer
T Lymphocyte (T Cells) - T lymphocytes are essential for developing adaptive immunity against cancer.

T cytotoxic 8+ (CD8+) lymphocytes destroy malignant cells by recognizing and killing them through
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the release of perforin-granzyme complexes and through interactions between the cells (Fas—Fas ligand
pathway). CD4+ (helper) T lymphocytes provide additional support to the CD8+ cytotoxic lymphocytes
by producing cytokines that promote antigen presentation to other immune cells and increase their
activation through an increase in the number of immune cells at tumor sites.

In cancer patients, T-cell activity becomes exhausted from prolonged periods of exposure to tumor-
sourced antigens and tumor-derived negative regulatory signals that result in reduced cellular
proliferation, reduced cytokine secretion, and decreased cytotoxicity. Exhausted T cells express high
levels of negative regulatory molecules (PD-1 and CTLA-4), which inhibit the ability of T lymphocytes
to generate effective and stronger antitumor immune responses, and correlate strongly with poor clinical
responses in patients.

NK Cells - NK cells are very important to the innate immune system and protect against malignant
transformation in humans. NK cells identify and eliminate malignant cells without needing to first
recognize specific tumor antigens (i.e., they kill misleadingly by detecting down-regulated or absent
MHC class I molecules). The mechanisms responsible for killing tumor cells are mainly through direct
lysis and cytokines (i.e., IFN-y) and that these NK-cell-derived cytokines also help promote secondary
immune responses. A large body of clinical and experimental data demonstrates an inverse correlation
between the numbers of NK cells and the likelihood of patients with cancer having poor outcomes
(higher likelihood of disease progression).

Reduced activity of natural killer (NK) cells has been demonstrated to correlate with the progression of
tumors, the spread of tumors to other body sites (metastasis), and lower survival rates in various types
of cancer based on clinical as well as experimental studies [22].

Cytokines are critical to regulating the balance between the immune system and cancer (homeostasis).
Pro-inflammatory cytokines such as tumor necrosis factor-a (TNF-a), interleukin-6 (IL-6), and
interleukin-1P (IL-1B) enhance inflammation in association with cancer (tumor-associated), promote
angiogenesis (the formation of new blood vessels to supply tumors), promote dysregulation of the
immune system, and contribute to cancer cachexia (wasting syndrome in cancer patients). In contrast,
antigenically active cytokines such as interferon-y (IFN-y) and interleukin-2 (IL-2) enhance the immune
response, enhance the proliferation of cytotoxic lymphocytes, and stimulate the generation of an anti-
tumor (antigenic) response. [23, 24]

The unbalanced production of pro-cancerous (pro-tumorigenic) and anti-cancerous (antitumor)
cytokines within the tumor microenvironment has a profound impact on immune function and how well
the body responds to cancer treatment, as well as how long a person with cancer will live after being
diagnosed [25].

The effects of chemotherapy/radiotherapy on immunity are complicated and often bidirectional; in other
words, the way these 2 modalities impact an individual's immunologic response may vary depending
on the individual as well as the combination of therapies being delivered to them. For example, both
chemotherapy and radiotherapy may induce an immune response by creating more immune cells
(Iymphocytes) through immunogenic cell death (the killing of cancerous (tumour) cells in response to
being killed by these treatments), increasing the release of antigens from dying tumour cells into the
bloodstream and subsequently priming the immune system to recognize and attack any remaining
tumour cells.

All of the above-mentioned factors (e.g., myelosuppression, chemotherapy-related oxidative
stress/medications causing systemic inflammation, nutritional deficiencies, lymphocytes being
destroyed by radiation) ultimately lead to a compromised immune system, which is referred to as
treatment-induced immune suppression. Treatment-induced immune suppression is a significant
contributor, along with chemotherapy/radiation dose reductions or treatment interruptions due to
adverse events related to chemotherapy/radiation, to patients experiencing infectious complications,
decreased overall quality of life and ultimately poorer survival outcomes. Recently, preserving the
individual's immune function is believed to be a major factor in determining the therapeutic success of
any given treatment modality.

Role of Tumor Microenvironment (TME) in Regulating the Immune Response and Response to
Therapy: The TME is composed of a variety of (1) malignant cells, (2) stroma containing fibroblasts,
endothelial cells, (3) immune effector cells, (4) components of extracellular matrix (ECM), and (5)
soluble mediators. The TME is continuously remodeled by the TME in order to create an
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immunosuppressive environment that allows for immune evasion and progression of disease [32]. The
most important immunosuppressive populations located within the TME are (1) regulatory T-cells
(Treg), (2) myeloid-derived suppressor cells (MDSC), and (3) tumor-associated macrophages (TAM).
The Treg, MDSC, and TAM secrete inhibitory molecules such as transforming growth factor-p (TGF-
B), interleukin-10 (IL-10) and express immune checkpoint ligands that inhibit the cytotoxic activity of
T-cells and natural killer (NK)-cells, while also competing for available nutrients through metabolic
competition [33,34]. Lack of immune activation (i.e., immune suppression) in the TME correlates
strongly with resistance to therapy and poor patient prognosis [35].

Role of Immune Checkpoints and T-Cell Exhaustion: T-cells that are exposed to antigenic stimulation
within the tumor microenvironment will develop progressive T-cell exhaustion, which is characterized
by upregulated levels of inhibitory immune checkpoint molecules (e.g., PD-1, CTLA-4, and LAG-3).
Immune checkpoint pathways serve to limit autoimmunity but can be exploited by tumors to limit the
effect of effective immune responses [36].

While immunotherapy has greatly advanced the field of oncology, response rates to immune checkpoint
inhibitors are still limited. Several host factors—including nutrition, systemic inflammation, and
immune metabolic fitness—have been shown to significantly affect responsiveness to
immunotherapeutic agents. Malnutrition and deficiencies related to micronutrients can cause immune
exhaustion, potentially leading to lower response rates to immunotherapy [37,38].

Crosstalk between Metabolic and Immune Components in the Tumor Environment: The function of
immune cells is intimately linked to their metabolic state. Immune cells that have been activated require
adequate supplies of glucose, amino acids, and lipids in order to continue proliferating and to carry out
effector functions. By contrast, however, the cancer cells are able to outcompete immune cells for the
available nutrients, creating a microenvironment that is hostile to the metabolism and function of the
immune cells [39]. Metabolic aberrations associated with cancer—including aerobiotic glycolysis,
hypoxia, and oxidative stress—have also been shown to negatively impact the bioenergetics of immune
cells, the production of cytokines, and the ability to exert cytotoxic effects on target cells. The
deprivation of critical nutrients within the TME has resulted in reduced T-cell receptor signalling and
diminished production of effector molecules, leading to a reduction in antitumour immunity overall
[40]. The above findings provide compelling biological support for the development of
immunonutritional approaches that restore metabolic competence to the immune system.

Following treatment, the impact of immune dysfunction on clinical outcomes: Degree of immune
dysfunction associated with the treatment of cancer has direct prognostic significance.
Lymphopenia/neutropenia is excellent predictors of risk of infection, need for treatment interruptions,
hospitalizations, and overall survival. The immune suppression far beyond normal limits is linked to
early disease recurrence and inferior response rates for both solid tumours and haematological
malignancy [41,42].

Lymphocyte depletion caused by radiotherapy is now recognized as an independent predictor of poor
survival, and chemotherapy-induced inflammation leads to muscle wasting, fatigue, anorexia, and
cancer cachexia, all of which reduce the immune system's ability to provide protection [43,44].

The rationale for including immune supportive interventions is important because of the role immune
competence plays in controlling tumors, tolerating treatment, andPROMOTING SURVIVAL. The
interventions that support immune system function during cancer treatment are now considered one of
the most important components of an entire oncology care plan. Nutrition, immunonutrient
supplementation, and bioactive compounds that have been shown to modulate the immune system are
acceptable biological methods to mitigate the decline of the immune system's ability to respond to
cancer treatment [45,46]. This growing body of research provides strong evidence for supporting the
integration of immunonutrition into the management of modern-day cancers.

Immunonutrition is an approach to providing nutrition through targeted delivery of certain nutrients that
have the potential to impact the functioning of the immune system, the regulation of inflammatory
responses, and the regulation of metabolic pathways, and therefore can influence clinical outcomes with
disease processes such as cancer. While conventional nutritional support provides calories only,
immunonutrition provides nutrients that are functionally active and therefore have the ability to enhance
host defence mechanisms, preserve immune function, and provide a better tolerance to cancer treatment
[47].
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Immunonutrition is seen more and more as a supportive therapeutic approach in oncology for its ability
to help decrease the immune suppression that occurs due to treatment, decrease the number of infection-
related complications, enhance wound healing, and possibly improve the response to treatment and
increase survival. The biological rationale for using immunonutrition as an adjunctive therapeutic
approach is based on the close interrelationship among nutrition, the metabolism of immune cells, and
the regulation of inflammation—each of which is severely disrupted in cancer patients [48].

The Importance of Inmunonutrients for Patients with Cancer

Arginine

Arginine is an amino acid that is semi-essential (it is produced by the body) and is important for many
functions involving cells of the immune system (e.g., T-cells) including the proliferation of immune
cells; the production of nitric oxide; and the signalling pathways of T-cell receptors. Arginine plays a
crucial role in the activation and function of cytotoxic T-lymphocytes and natural killer cells; therefore,
patients with cancer typically have a deficiency of arginine because cancers consume larger amounts of
it, along with metabolic stress on the patient, leading to a decreased ability of their immune systems to
respond appropriately [49].

Research has indicated that arginine-enriched nutritional support has been shown to reduce infections
after surgery, improve immune system function in cancer patients undergoing large surgical procedures,
improve the way lymphocytes respond to stimuli and increase use of nitrogen during cancer therapy
[50,51].

Glutamine

Glutamine is the most abundant amino acid in blood and is utilized as a primary energy source by many
rapidly-proliferating cells [e.g., immune system (lymphocytes and macrophages)]. During the course of
a person with cancer and its treatment, there is a depletion of glutamine, which results in breakdown of
the immune system function, damage to the mucosal membrane, and increased risk for infections [52].
Clinical data show that supplementation with glutamine can help control mucositis caused either by
chemotherapy or by radiation treatmet, may help prevent the loss of the gut barrier, and assist in
recovery from a weakened immune system. Multiple randomized controlled trials report that patients
with cancer receiving supplementation with glutamine had significantly higher counts of lymphocytes
compared to those without, as well as decreased side effects associated with their cancer treatment.
Omega-3 Fatty Acids Omega-3 PUFAs, including eicosapentaenoic acid (EPA) and docosahexaenoic
acid (DHA), are very powerful agents that can reduce inflammation, and improve how well our immune
system works and respond to treatment by certain actions. They can alter synthesis of eicosanoids,
inhibit the production of pro-inflammatory cytokines and change the membrane composition of our
immune cells and the way they communicate via signals (of all types). In patients with cancer,
supplementing with omega-3 fatty acids appears to do the following: reduce overall inflammation; help
preserve lean body mass; and enhance specific blood markers of immune function. Several studies
involving cancer patients have demonstrated improved tolerance to treatment, lessening of cachexia,
and increased quality of life for patients receiving omega-3 fatty acid-enhanced nutritional support.
Vitamins A, C, D, and E Vitamins are critical for maintaining the integrity of our immune system and
managing oxidative stress.

*Vitamin A facilitates the function of epithelial barriers and the maturation of T-cells

*Vitamin C boosts how well phagocytes or white blood cells work and protects them from damage
caused by oxidative stress

*Vitamin D influences both innate and adaptive immune responses and regulates inflammatory response
in the body

*Vitamin E is an antioxidant and protects the membranes of our immune cells because it is fat soluble.
Cancer patients commonly suffer from deficiencies of these vitamins, which are linked to a weakened
immune response, increased risk of infections, and worse overall outcomes. Clinical supplementation
studies have shown that correcting these micronutrient deficiencies can improve immune function and
decrease complications related to treatment; specific dosing is extremely important when utilizing these
vitamins [60,61].
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Zinc and selenium are two trace minerals that are required for the development of immune cells, act as
antioxidants, and help regulate the activity of cytokines. Zinc is vital for proper function of the thymus
gland, maturation of T-cells and for the synthesis of DNA. Selenium is a major constituent of
selenoproteins (the proteins formed from selenium) that help regulate redox (oxidation and reduction)
reactions and facilitate immune signaling [62]. Clinical studies show that zinc deficiency leads to
impaired cell mediated immunity and increases the chances of developing an infection in cancer
patients. In selected groups of patients, selenium supplementation has been associated with less
chemotherapy-related toxicity, improved antioxidant status and better immune response [63,64].
Clinical Studies Support the Use of Immunonutrition in Cancer

Many clinical trials and meta-analysis demonstrate that immunonutrition (the use of nutrition
specifically to improve immune function), especially formulations containing arginine, glutamine,
omega-3 fatty acids & antioxidants, decreases the incidence of postoperative complications; reduces
length of hospital stay; lowers incidence of infection; improves immune parameters in patients with
cancer. Most frequently these benefits are seen in surgical oncology as well as patients receiving high
doses of chemoradiotherapy [65,66].

Dietary Influence on Cancer Immunology

Impact of Dietary Intake on Immunomodulation in Cancer

Malnutrition and Thymic Atrophy due to Insufficient Protein & Calories (P.E.M.)

Malnutrition (P.E.M.) is relatively common (30-80%, depending on type/stage of cancer and treatment
received) in cancer survivors. The result of P.E.M. is atrophy of the thymus gland, impaired proliferation
of lymphocytes, decreased antibody production, and inadequate cellular-mediated immunity. This
translates into increased risk for infections and complications related to treatment [68,69]. In contrast,
multiple clinical studies have shown that cancer patients who are malnourished suffer from greater
degrees of treatment related toxicity, longer treatment interruptions, lengthier hospitalizations, and
lower rates of survival compared to adequately nourished cancer patients [70].

Effects of Cancer Cachexia on Immunity

Cancer cachexia syndrome has a complex etiology and is typified by unintentional weight loss, loss of
muscle mass, chronic systemic inflammation, and metabolic derangements. In addition to resulting from
increased production of pro-inflammatory cytokines (such as IL-6, TNF-a, IFN-y), cancer cachexia will
also directly inhibit the immune system and impede an individual's ability to utilize nutrients [71].
Specifically, cancer cachexia causes immune system dysfunctions, including: lymphopenia; poor T-cell
responsiveness; and reduced NK-cell activity. Poor immune function resulting from cancer cachexia is
highly indicative of decreased tolerance to therapy, diminished response rates to therapy, and increased
mortality in patients who have solid tumors compared to patients who do not have solid tumors [72,73].

Therapeutic Impact of Good Nutrition

Patient Tolerance of Treatments

An adequate diet consisting of energy, high-quality protein, essential fatty acids, as well as vitamins
and trace elements is essential for regenerating immune cells and for providing antioxidant protection
for patients on cancer treatment. There is a growing body scientific data demonstrating that patients
receiving appropriate food support experience fewer dose reductions and/or delays to chemotherapy or
radiation treatment because they are able to tolerate the treatment better [74,75].

Infection Rates

The adequacy of a patient's diet is critical to support mucosal barriers and innate (natural) immune
mechanisms. There are studies demonstrating that malnutrition increases the risk of infection due to
cancer treatment; accordingly, there are many studies that demonstrate that a well-balanced diet will
prevent/make much lower the incidence of infection, especially in patients receiving large amounts of
chemotherapy/radiation or patients following large surgeries for his/her cancer [76].

Quality of Life
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Nutrition is an important determinant of fatigue, physical functioning, and total quality of life (QoL)
for patients with cancer. Studies evaluating the effect of dietary counselling and nutritional optimization
have demonstrated improvements in appetite, functional capacity, and patient-reported QoL
independent of response to tumor therapy [77,78].

How Indian Diets Can Help with Cancer

Traditional Indian food sources, which are nutritionally balanced, contain naturally occurring immune-
supporting foods including pulses/cereal mix, fermented foods, seasonal vegetables/fruits, and
antioxidant-rich plant-based foods. Unfortunately, due to treatment effects on appetite, changes in taste,
and gastrointestinal toxicity, many Indian cancer patients are unable to eat enough food to avoid
becoming malnourished [79].

Studies in India have determined that Indian cancer patients would benefit from culturally-specific
dietary modifications, including meeting their protein needs (from pulses, dairy products, soy), ensuring
sufficient intake of micronutrients, and developing anti-inflammatory dietary patterns to improve their
immune function and the benefits of their cancer treatments [80].

Phytochemicals Help Support Cancer Patients' Immune Systems

Phytochemicals are plant-based bioactive compounds that have no traditional nutritional value;
however, they affect a person's immune system, have anti-inflammatory properties, and have
antioxidant activity. In cancer, phytochemicals are not cytotoxic agents, but they affect the body's ability
to regulate immune function, signal inflammation, and interact with cancer tumors, allowing patients to
achieve better treatment outcomes and maintain immune system competence [81].

Curcumin:

Source of Curcumin:

Curcumin is a polyphenolic compound derived from the rhizome of the plant Curcuma longa (turmeric),
and is commonly found in traditional Indian cooking.

Immunomodulation Mechanisms: Curcumin acts on multiple pathways of inflammation and immune
response by inhibiting nuclear factor Klappa b (NF-KB). It inhibits the production of proinflammatory
cytokines (IL-6, TNF-al, IL-1 Beta), while at the same time increases ctyolitic T Cell and natural killer
(NK) Cell activity. It also modulates immune checkpoint signalling and inhibits tumor-associated
macrophage-mediated immune suppression [82,83].

Clinical and Experimental Evidence: Preclinical studies show that curcumin increases antitumor
immune responses and reduces production of cytokines that suppress the immune system. Curcumin
has improved clinical outcomes regarding the status of systemic inflammation, the state of antioxidant
levels and the tolerance of treatment for patients with cancer in clinical trials as part of their
conventional treatment [84,85].

Limitations: Dosing of curcumin varies by manufacturer and treatment duration as well as its biological
availability (curcumin does not have good absorption and is rapidly metabolised), which affects
curcumin's clinical performance. Due to the limitations described above, curcumin should not be viewed
as a stand-alone anticancer treatment [86].

Resveratrol

Source: Resveratrol is a stilbene (polyphenol) present in many foods including red grapes, berries,
peanuts and red wine.

Immunomodulation Mechanisms: Resveratrol modulates the immune response by activating sirtuin-
1 (Sirtl), suppressing NF-KB signalling, reducing oxidative stress, and increasing activity of T cells
and NK cells; it also balances the production of cytokines by decreasing IL-6 and TNF-alpha levels
[87].
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Trial Evidence: Within scientific literature attempts have linked resveratrol to immune system
function, including its potential to bolster body’s defense against tumor growth through enhancement
of natural killer cell activity or stimulation of cytolytic T-lymphocytes via immunostimulation.

Currently Available Data (Human Safety): Unless documented use occurs in an acute, clinical trial
(<25 persons per study) (publicly available); there has been not enough applicable evidence shared with
the public to warrant wide-spread human use of RESVERATROL for any purpose. Green Tea Extract
Components (EGCG) Source: Green tea leaves (Camellia sinensis).

Mechanisms of Action on Immune System Function: EGCg exerts immunologic activity by
providing antioxidant properties, inhibiting pro-inflammatory cytokine production, modifying cell
function of dendritic cells and lymphocytes and epigenetically regulating genes involved in immune
response. Currently Available Data (Human Safety): Data from meta-analyses have shown a dose-
dependent increase in natural killer cell activity with ingestion of ~3.5 grams daily of a green tea extract.
As with RESVERATROL, however, the majority of this evidence base is limited to
preclinical/epidemiological studies and lacks level 1 clinical trial data to support the safety of chronic
EGCQG use in humans.

Limitations: Long-term high dose supplementation may result in gastrointestinal or hepatic side
effects. There are also a number of observational studies which form the basis of clinical evidence with
no standardised doses established to date.[94]

Quercetin Source: A flavonoid widely found in onions, apples, berries, and leafy vegetables. Immune
Modulating Mechanisms: Quercetin modulates immune responses through the inhibition of
proinflammatory cytokines, the reduction of oxidative stress, stabilisation of mast cells, and
enhancement of T cell and macrophage function. Quercetin also interrupts inflammatory enzymes and
immune signalling cascades [95].

Experimental and Clinical Evidence: Experimental models of tumors demonstrate an enhancement
of immune modulation and reduction in inflammation via quercetin. However, limited clinical studies
show some promise for quercetin in reduction of inflammation as well as oxidative stress in patients
treated with Standard Cancer Therapy.[96]

Limitations: Evidence is inadequate to draw any definitive conclusions regarding the effectiveness of
quercetin in oncologic outcomes; however, bioavailability is variable depending on the food matrix
and/or formulation of the quercetin consumed.[97]

Lycopene Source: A carotenoid most commonly found in tomatoes and tomato products. Immune
Modulating Mechanisms: Lycopene can act as a potent antioxidant and positively impact the immune
system through the reduction of oxidative stress, suppression of proinflammatory cytokines and
promotion of gap junction communication. Lycopene also has a direct effect on immune cells through
influencing signalling pathways associated with the ability of the body to suppress tumours [98].

Research Studies and Clinical Trials: Experimental and clinical studies have shown that a high intake
of lycopene works to improve various immune parameters, especially lower levels of inflammation in
individuals with prostate and gastrointestinal cancers [99].

Limitations: Most human research is observational in nature, making it impossible to determine
individual differences in absorption from food sources affecting clinical results. Therefore, dietary
sources of lycopene should not be used as a treatment but rather a supportive measure [100].

Study Implications: The current research supports theorizing the use of phytochemicals to support

immune modulation by influencing inflammation, oxidative stress and/or immune competence in cancer
patients. However, it is important not to misinterpret these nutrients as sources of curative benefits but
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rather to utilize them according to principles associated with evidence-based nutritional and oncological
intervention.

Immunonutrition During Cancer Treatment: There is considerable metabolic and immunological
stress to cancer patients as a result of cancer treatment. The combination of chemotherapy and radiation
creates both oxidative stress, inflammatory responses, and several other adverse reactions (such as
myelosuppression and mucosal injury), all of which have great negative effects on an individual’s
immune system and ability to continue with treatment. Immunonutrition is helpful during active
treatments because it will preserve or support immune function, decrease the amount of toxicity
associated with treatment, or provide the nutrients necessary to continue treating the individual without
interruption [101].

Immunonutrition in Chemotherapy

Chemotherapy-induced immunosuppression typically manifests as anaemia, neutropenia, lymphopenia
and an increased risk of infection. Immunonutrition formulations containing arginine, glutamine,
omega-3 fatty acids and antioxidants have shown to be of benefit to haematological and immune
parameters in people receiving cytotoxic chemotherapy [102].

Clinical trials indicate that glutamine supplementation reduces the severity of chemotherapy-induced
mucositis and diarrhoea by improving nutrient absorption as well as promoting immune recovery.
Omega-3 fatty acids have been shown to decrease systemic inflammation and aid in the preservation of
lean body mass thereby supporting immune resilience indirectly [103,104].

Observed clinical outcomes:

*Decreased severity of mucositis and gastrointestinal toxicity
*Improved haemoglobin and lymphocyte counts

*Reduced treatment interruption and dose reduction rates
sImproved chemotherapy tolerance and compliance [105]

Immunonutrition in Radiotherapy

Radiotherapy, particularly when large treatment areas are irradiated, can cause loss of lymphocytes,
induce oxidative stress and damage epithelial barrier cells. Nutritional inequity during radiotherapy has
been strongly correlated to increased toxicity and decreased completion rates of treatment [106].
Published evidence suggests that immunonutrition enhances antioxidant activity, decreases radiation-
induced inflammation and maintains the viability of immune cells. Nutritional interventions have
improved treatment tolerability levels and decreased the severity of radiation-induced mucositis and
dermatitis in patients with head and neck cancers or gastrointestinal cancers who received nutritional
support during their course of radiotherapy [107].

Clinical results were noted:

*No decline in absolute lymphocyte counts

L ess mucosal tissue damage due to radiation

*More frequent nutritional benefits during therapy

*Greater likelihood of completion of predetermined radiation course [108]

Immunonutrition and Concurrent Chemoradiation Therapy

Concurrent chemotherapy and radiation therapy presents unique immunologic and nutritional
challenges that may result in severe mucositis, substantial weight loss, hematologic toxicity, and
noncompliance with prescribed treatments. Since immunonutrition provides important synergism to the
immunosuppression associated with concurrent chemotherapy and radiation, it is particularly applicable
within this patient group [109].

Studies have shown that the early identification of patients requiring nutritional support
(immunonutrition) during concurrent treatment with chemotherapy and radiation improves immune
function, decrease treatment-related toxicities, and allow for uninterrupted treatment. Nutritionally
supported patients demonstrate better weight maintenance, improved laboratory results, and fewer
breaks in treatment than their non-supported counterparts [110,111].
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Clinical results were noted:

*Reduced hematologic toxicities (anaemia, neutropenia)

Increased adherence to and completion of therapy

*Reduced rates of delayed hospitalization and infection-related morbidity
*Improved overall tolerance of therapy and quality of life [112].

Clinical Perspective

The available evidence collectively demonstrates that immunonutrition enhances the host's ability to
cope with cancer treatments through non-invasive methods of enhancing the patient's ability to survive
or recover from cancer therapies. The greatest impact of immunonutrition is achieved when it is
provided early in the course of treatment, tailored to the same type of treatment being delivered (i.e.,
chemotherapy) and to the individual patient's risk factors and nutritional status. Immunonutrition is not
a substitute for anticancer therapies; however, it is an adjunct to anticancer therapies that can help
support the delivery of anticancer therapies by maintaining both the immune system and the nutritional
status of the patient [113].

Clinical Challenges and Limitations
Despite the increased awareness of immunonutrition and the use of phytochemicals in the context of
treating cancer, there are several challenges to the clinical application of these therapies.

Limited Availability of Large Randomized Controlled Trials

Most of the evidence of immunonutrition and phytochemicals is derived from small-scale clinical
studies, observational studies, and animal studies. There are currently very few large, well-designed,
multicentre randomized controlled trials (RCTs) evaluating hard clinical outcomes such as overall
survival, time to recurrence, and long-term immune function. This lack of available high-quality
evidence prevents health care providers from formulating standardized clinical guidelines [114,115].

Herb-Drug Interactions

One of the biggest challenges in integrative oncology is the potential for herb—drug interactions. Several
of the phytochemicals known to provide benefits in cancer patients can influence cytochrome P450
enzymes, drug transporters, and metabolic pathways, thus potentially affecting the pharmacokinetics
and pharmacodynamics of chemotherapeutic agents. The under-reporting of concurrent herbal
supplementation in clinical studies poses an additional challenge in assessing the risk associated with
herb—drug interactions [116,117].

Quality Control and Standardization

Tremendous variation exists between herbal and phytochemical extract compositions with regard to
their purity and bioactive levels. Plant diversity, growing conditions, extraction techniques and final
product formulation cause this diversity resulting in myriad therapeutic outcomes due to inconsistencies
between studies created through lack of standardization of product types [118].

Dosage Variability and Bioavailability
The optimal dose regimens for immuno-nutrients/phytochemicals for cancer patients has yet to be
determined. Dosage will vary based on at least four factors; stage of disease, type of treatment modality,
nutritional state and patient metabolic variant. In addition, many phytochemicals and their metabolites
have a low level of oral bioavailability resulting in a wide variety of formulations being used with no
standardization among studies [119,120].

Substantial Limitations
These limitations indicate the need to be cautious in interpreting data from available research and
emphasize the necessity to incorporate immuno-nutrition into evidence-based oncology rather than

using it as a sole or unmonitored treatment modality.

Future Research Directions
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To increase the clinical relevance and translational implications of immuno-nutrition and
phytochemicals in cancer treatment; future research efforts should include the following:

1. Multicentre clinical trials

Prior large multicentre / RCT's have been performed assessing the efficacy of using immuno-nutrition
or phytochemical interventions in multiple cancer types, therapy modalities, and patient populations.
These studies will need to use standard formulations of the products, as well as, definition of study end
points, and collected long-term data to determine studies results in relation to survival and recurrence
of cancer.

Multi-Centre Clinical Trials

To measure how effective immuno-nutrition and phytochemical treatments are for different types of
cancers, different types of treatments, and in different populations, pharmacists will need to run large
multi-centre RCT trials that have the same standardized formularies, endpoints that are clearly defined,
and long-term follow-up to see if they improved a subject's survival or recurrence rates [121].

Biomarker Approaches and Personalization

Future clinical trials should utilize immune, inflammatory, metabolic, and nutritional biomarker
evaluations to find patients who will respond to immuno-nutrition. This biomarker-based stratification
will enable personalized approaches to therapy, optimizing the dosage and improving patient outcomes,
as well as fewer side effects [123,124].

Looking Forward

In order to move the field of immuno-nutrition from supportive care to a precision adjunctive therapy,
we will need multiple disciplines to collaborate; rigorous methodology must be utilized to enhance
reproducibility; and modern oncology-based research paradigms must be embraced.

Conclusion

In the treatment of cancer patients, immunonutrition is a viable support strategy that recognizes the
interactions between nutrition, immunity, inflammation, and tolerability of treatment. Evidence from
experimental and clinical studies indicates that providing targeted nutritional interventions can improve
the outcomes of patients in terms of reducing the toxicity of treatment, maintaining adequate immune
response, enhancing adherence to treatment regimens, and enhancing the quality of life of cancer
patients.

However, there is still a limited amount of data, and many findings from studies are equivocal due to
differences in design, small sample sizes, lack of standardization, and absence of long-term clinical
endpoints. While positive results have been reported for small clinical trials and observational studies,
further large, well-controlled and randomized clinical trials will be necessary to draw definitive
conclusions about the effect of immunonutrition on overall patient survival and disease control.
Immunonutrition should be considered an integrative ancillary therapy rather than a substitute for
standard treatment in oncology. The main purpose of using immunonutrition is to provide an adjunct to
evidence-based oncology treatment in a personalized way under clinical supervision. Future integration
of this modality into standard oncology practice will require extensive high-quality data, standardized
protocols, and collaborative work among different specialties within oncology for both patient safety
and continued therapeutic relevance of immunonutrition.

References:

1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et al. Global cancer
statistics 2020: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185
countries. CA Cancer J Clin. 2021;71(3):209—49.

2. World Health Organization. Cancer fact sheet. Geneva: WHO; 2023.

3. Dunn GP, Bruce AT, Ikeda H, Old LJ, Schreiber RD. Cancer immunoediting: from
immunosurveillance to tumor escape. Nat Immunol. 2002;3(11):991-8.

4. Hanahan D, Weinberg RA. Hallmarks of cancer: the next generation. Cell. 2011;144(5):646—74.

WWW.DIABETICSTUDIES.ORG 107


http://www.diabeticstudies.org/

11.

12.

13.

14.

15.

16.

17.

18.

19.
20.

21.

22.

23.

24.

25.

26.

27.

28.
29.

30.

31.
32.
33.
34.

The Review of DIABETIC STUDIES
Vol. 20 No. 2 2024

Zitvogel L, Kroemer G. Chemotherapy-induced immunogenic cell death. Nat Rev Immunol.
2009;9(12):821-35.

Klastersky J, de Naurois J, Rolston K, Rapoport B, Maschmeyer G, Aapro M, et al. Management
of febrile neutropenia: ESMO Clinical Practice Guidelines. Ann Oncol. 2016;27(Suppl 5):v111-S8.
Arends J, Bachmann P, Baracos V, Barthelemy N, Bertz H, Bozzetti F, et al. ESPEN guidelines on
nutrition in cancer patients. Clin Nutr. 2017;36(1):11-48.

Calder PC. Immunonutrition in surgical and critically ill patients. Br J Nutr. 2007;98(Suppl
1):S133-9.

Grimble RF. Immunonutrition. Curr Opin Gastroenterol. 2005;21(2):216-22.

. Weimann A, Braga M, Carli F, Higashiguchi T, Hiibner M, Klek S, et al. ESPEN guideline:

clinical nutrition in surgery. Clin Nutr. 2017;36(3):623-50.

Balachandran P, Govindarajan R. Cancer—an ayurvedic perspective. Pharmacol Res.
2005;51(1):19-30.

Mishra LC, Singh BB, Dagenais S. Scientific basis for the therapeutic use of Withania somnifera
(Ashwagandha): a review. Altern Med Rev. 2000;5(4):334-46.

Sharma P, Dwivedee BP, Bisht D, Dash AK, Kumar D. The chemical constituents and therapeutic
uses of Tinospora cordifolia: a review. Curr Pharm Biotechnol. 2019;20(3):244-59.

Schreiber RD, Old LJ, Smyth MJ. Cancer immunoediting: integrating immunity’s roles in cancer
suppression and promotion. Science. 2011;331(6024):1565-70.

Dunn GP, Bruce AT, Ikeda H, Old LJ, Schreiber RD. Cancer immunoediting: from
immunosurveillance to tumor escape. Nat Immunol. 2002;3(11):991-8.

Pardoll DM. The blockade of immune checkpoints in cancer immunotherapy. Nat Rev Cancer.
2012;12(4):252-64.

Joyce JA, Fearon DT. T cell exclusion, immune privilege, and the tumor microenvironment.
Science. 2015;348(6230):74-80.

Farhood B, Najafi M, Mortezace K. CD8" cytotoxic T lymphocytes in cancer immunotherapy. J
Cell Physiol. 2019;234(6):8509-21.

Wherry EJ. T cell exhaustion. Nat Immunol. 2011;12(6):492-9.

Chen L, Flies DB. Molecular mechanisms of T cell co-stimulation and co-inhibition. Nat Rev
Immunol. 2013;13(4):227-42.

Vivier E, Ugolini S, Blaise D, Chabannon C, Brossay L. Targeting NK cells in cancer. Nat Rev
Immunol. 2012;12(4):239-52.

Imai K, Matsuyama S, Miyake S, Suga K, Nakachi K. Natural cytotoxic activity of peripheral-blood
lymphocytes and cancer incidence. Lancet. 2000;356(9244):1795-9.

Grivennikov SI, Greten FR, Karin M. Immunity, inflammation, and cancer. Cell. 2010;140(6):883-
99.

Balkwill F, Mantovani A. Inflammation and cancer: back to Virchow? Lancet.
2001;357(9255):539-45.

Mantovani A, Allavena P, Sica A, Balkwill F. Cancer-related inflammation. Nature.
2008;454(7203):436-44.

Zitvogel L, Galluzzi L, Smyth MJ, Kroemer G. Reinstating immunosurveillance by anticancer
therapies. Immunity. 2013;39(1):74-88.

Crawford J, Dale DC, Lyman GH. Chemotherapy-induced neutropenia. Cancer. 2004;100(2):228-
37.

McMillan DC. Cancer and systemic inflammation. Br J Cancer. 2013;109(3):529-34.

Yovino S, Kleinberg L, Grossman SA, et al. Lymphocyte depletion after radiation therapy. Int J
Radiat Oncol Biol Phys. 2013;86(3):548-54.

Campian JL, Ye X, Brock M, Grossman SA. Treatment-related lymphopenia. Cancer Treat Rev.
2013;39(8):770-80.

Arends J. Struggling with nutrition in cancer patients. Clin Nutr. 2018;37(1):11-6.

Hinshaw DC, Shevde LA. The tumor microenvironment. Cancer Res. 2019;79(18):4557-66.
Gajewski TF, Schreiber H, Fu YX. Immune cells in the TME. Nat Immunol. 2013;14(10):1014-22.
Mantovani A, Marchesi F, Malesci A, et al. Tumour-associated macrophages. Nat Rev Clin Oncol.
2017;14(7):399-416.

WWW.DIABETICSTUDIES.ORG 108


http://www.diabeticstudies.org/

35.
36.
37.
38.
39.

40.
41.

42.

43.

44,

45.
46.

47.

48.

49.

50.

51.

52.

53.

54.

55.
56.

57.

S8.

59.

60.

61.

62.
63.

The Review of DIABETIC STUDIES
Vol. 20 No. 2 2024

Binnewies M, Roberts EW, Kersten K, et al. Understanding the TME. Nat Med. 2018;24(5):541-
50.
Sharma P, Allison JP. Immune checkpoint targeting. Science. 2015;348(6230):56-61.
McMillan DC. Host response in cancer. Br J Cancer. 2013;109(3):529-34.
Zitvogel L, Pietrocola F, Kroemer G. Nutrition, inflammation and immunity. Cell Metab.
2017;26(2):307-20.
Buck MD, Sowell RT, Kaech SM, Pearce EL. Metabolic instruction of immunity. Cell.
2017;169(4):570-86.
Chang CH, Qiu J, O’Sullivan D, et al. Metabolic competition in TME. Cell. 2015;162(6):1229-41.
Ray-Coquard I, Borg C, Bachelot T, et al. Neutrophil count and prognosis. Br J Cancer.
2009;101(6):883-9.
Tang C, Liao Z, Gomez D, et al. Lymphopenia and outcomes. Int J Radiat Oncol Biol Phys.
2014;89(5):1084-91.
Fearon K, Strasser F, Anker SD, et al. Cancer cachexia definition. Lancet Oncol. 2011;12(5):489-
95.
Argilés JM, Busquets S, Stemmler B, Lopez-Soriano FJ. Cancer cachexia. Nat Rev Cancer.
2014;14(11):754-62.
Calder PC. Feeding the immune system. Proc Nutr Soc. 2013;72(3):299-309.
Laviano A, Meguid MM, Inui A, et al. Nutrition and cancer. Nat Rev Clin Oncol. 2019;16(3):153-
67.
Calder PC. Immunonutrition in surgical and critically ill patients. Br J Nutr. 2007;98(Suppl
1):S133-9.
Grimble RF. Nutritional modulation of immune function. Proc Nutr Soc. 2001;60(3):389-97.
Popovic PJ, Zeh HJ, Ochoa JB. Arginine and immunity. J Nutr. 2007;137(6 Suppl 2):1681S-6S.
Braga M, Gianotti L, Vignali A, Carlo VD. Preoperative oral arginine and omega-3 fatty acid
supplementation improves the immunometabolic host response and outcome after colorectal
resection for cancer. Surgery. 2002;132(5):805-14.
Cerantola Y, Hiibner M, Grass F, Demartines N, Schifer M. Immunonutrition in gastrointestinal
surgery. Br J Surg. 2011;98(1):37-48.
Newsholme P, Curi R, Gordon S, Newsholme EA. Metabolism of glucose, glutamine, long-chain
fatty acids and ketone bodies by murine macrophages. Biochem J. 1986;239(1):121-5.
Savarese DM, Savy G, Vahdat L, Wischmeyer PE, Corey B. Prevention of chemotherapy and
radiation toxicity with glutamine. Cancer Treat Rev. 2003;29(6):501-13.
Anderson PM, Ramsay NK, Shu XO, Rydholm N, Rogosheske J, Nicklow R, et al. Effect of low-
dose oral glutamine on painful stomatitis during bone marrow transplantation. Bone Marrow
Transplant. 1998;22(4):339-44.
Calder PC. Omega-3 fatty acids and inflammatory processes. Nutrients. 2010;2(3):355-74.
Barber MD, Ross JA, Preston T, Shenkin A, Fearon KC. Fish oil-enriched nutritional supplement
attenuates progression of the acute-phase response in weight-losing patients with advanced
pancreatic cancer. J Nutr. 1999;129(6):1120-5.
Murphy RA, Mourtzakis M, Chu QS, Reiman T, Mazurak VC. Supplementation with fish oil
increases first-line chemotherapy efficacy in patients with advanced nonsmall cell lung cancer.
Cancer. 2011;117(16):3774-80.
Mora JR, Iwata M, von Andrian UH. Vitamin effects on the immune system. Nat Rev Immunol.
2008;8(9):685-98.
Gombart AF, Pierre A, Maggini S. A review of micronutrients and the immune system—working in
harmony to reduce the risk of infection. Nutrients. 2020;12(1):236.
Lappe JM, Travers-Gustafson D, Davies KM, Recker RR, Heaney RP. Vitamin D and calcium
supplementation reduces cancer risk. Am J Clin Nutr. 2007;85(6):1586-91.
Pathak AK, Bhutani M, Guleria R, Bal S, Mohan A, Mohanti BK, et al. Chemotherapy alone vs
chemotherapy plus high-dose multiple antioxidants in patients with advanced non-small cell lung
cancer. ] Am Coll Nutr. 2005;24(1):16-21.
Prasad AS. Zinc in human health: effect of zinc on immune cells. Mol Med. 2008;14(5-6):353-7.
Rayman MP. Selenium and human health. Lancet. 2012;379(9822):1256—68.

WWW.DIABETICSTUDIES.ORG 109


http://www.diabeticstudies.org/

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

&3.

&4.

85.

86.
87.

The Review of DIABETIC STUDIES
Vol. 20 No. 2 2024

Muecke R, Micke O, Schomburg L, Buentzel J, Kisters K, Adamietz IA. Multicenter, phase III trial
comparing selenium supplementation with observation in gynecologic radiation oncology. Int J
Radiat Oncol Biol Phys. 2014;89(4):813-20.

Marimuthu K, Varadhan KK, Ljungqvist O, Lobo DN. A meta-analysis of the effect of
combinations of immune modulating nutrients on outcome in patients undergoing major open
gastrointestinal surgery. Ann Surg. 2012;255(6):1060-38.

Song GM, Tian X, Liang H, Yi LJ, Zhou JG, Zeng Z, et al. Role of enteral immunonutrition in
patients undergoing surgery for gastric cancer: a systematic review and meta-analysis. World J
Gastroenterol. 2015;21(14):4557-69.

Arends J, Bachmann P, Baracos V, Barthelemy N, Bertz H, Bozzetti F, et al. ESPEN guidelines on
nutrition in cancer patients. Clin Nutr. 2017;36(1):11-48.

Dewys WD, Begg C, Lavin PT, Band PR, Bennett JM, Bertino JR, et al. Prognostic effect of weight
loss prior to chemotherapy in cancer patients. Am J Med. 1980;69(4):491-7.

Gupta D, Lis CG. Pretreatment serum albumin as a predictor of cancer survival. J Clin Oncol.
2010;28(15):¢2634.

Arrieta O, Michel Ortega RM, Villanueva-Rodriguez G, Serna-Thomé MG, Flores-Estrada D,
Diaz-Romero C, et al. Association of nutritional status and serum albumin levels with development
of toxicity in patients with advanced non-small cell lung cancer treated with paclitaxel—cisplatin

chemotherapy. BMC Cancer. 2010;10:50.

Argilés JM, Busquets S, Stemmler B, Lopez-Soriano FJ. Cancer cachexia: understanding the
molecular basis. Nat Rev Cancer. 2014;14(11):754-62.

Fearon K, Arends J, Baracos V. Understanding the mechanisms and treatment options in cancer
cachexia. Nat Rev Clin Oncol. 2013;10(2):90-9.

Skipworth RJ, Stewart GD, Dejong CH, Preston T, Fearon KC. Pathophysiology of cancer
cachexia: much more than host—tumour interaction? Clin Nutr. 2007;26(6):667-76.

Isenring E, Capra S, Bauer J. Nutrition intervention is beneficial in oncology outpatients receiving
radiotherapy to the gastrointestinal or head and neck area. Br J Cancer. 2004;91(3):447-52.
Ravasco P, Monteiro-Grillo I, Vidal PM, Camilo ME. Dietary counseling improves patient
outcomes: a prospective, randomized, controlled trial in colorectal cancer patients undergoing
radiotherapy. J Clin Oncol. 2005;23(7):1431-8.

Bozzetti F, Arends J. The role of nutrition in oncology. Clin Nutr. 2009;28(4):359—-63.

Lis CG, Gupta D, Lammersfeld CA, Markman M, Vashi PG. Role of nutritional status in predicting
quality of life outcomes in cancer—A systematic review of the epidemiological literature. Nutr J.
2012;11:27.

Baldwin C, Spiro A, Ahern R, Emery PW. Oral nutritional interventions in malnourished patients
with cancer: a systematic review and meta-analysis. J Natl Cancer Inst. 2012;104(5):371-85.
Chatterjee S, Gupta D, Das S, Mandal S. Nutritional status of cancer patients undergoing
radiotherapy in eastern India. Indian J Med Paediatr Oncol. 2018;39(3):301-6.

Gupta B, Kant S, Mishra R. Nutritional challenges in Indian cancer patients: need for context-
specific interventions. Indian J Cancer. 2020;57(2):113-20.

Surh YJ. Cancer chemoprevention with dietary phytochemicals. Nat Rev Cancer. 2003;3(10):768—
80.

Aggarwal BB, Sung B. Pharmacological basis for the role of curcumin in chronic diseases.
Anticancer Res. 2009;29(10):363-98.

Shanmugam MK, Rane G, Kanchi MM, Arfuso F, Chinnathambi A, Zayed ME, et al. The
multifaceted role of curcumin in cancer prevention and treatment. Molecules. 2015;20(2):2728—
69.

Bayet-Robert M, Kwiatkowski F, Leheurteur M, Gachon F, Planchat E, Abrial C, et al. Phase I dose
escalation trial of curcumin in combination with docetaxel in breast cancer patients. Cancer Biol
Ther. 2010;9(1):8-14.

Panahi Y, Saadat A, Beiraghdar F, Sahebkar A. Anti-inflammatory effects of curcumin in cancer
patients. Phytother Res. 2014;28(11):1621-8.

Hewlings SJ, Kalman DS. Curcumin: a review of its effects on human health. Foods. 2017;6(10):92.
Baur JA, Sinclair DA. Therapeutic potential of resveratrol. Nat Rev Drug Discov. 2006;5(6):493—
506.

WWW.DIABETICSTUDIES.ORG 110


http://www.diabeticstudies.org/

The Review of DIABETIC STUDIES
Vol. 20 No. 2 2024

88. Athar M, Back JH, Kopelovich L, Bickers DR, Kim AL. Multiple molecular targets of resveratrol.
Arch Biochem Biophys. 2009;486(2):95-102.

89. Patel KR, Brown VA, Jones DJ, Britton RG, Hemingway D, Miller AS, et al. Clinical
pharmacology of resveratrol and its metabolites. Cancer Res. 2010;70(19):7392-9.

90. Walle T. Bioavailability of resveratrol. Ann N'Y Acad Sci. 2011;1215:9-15.

91. Yang CS, Wang X, Lu G, Picinich SC. Cancer prevention by tea. Mol Nutr Food Res.
2009;53(3):305-13.

92. Khan N, Mukhtar H. Tea polyphenols in promotion of human health. Nutrients. 2019;11(1):39.

93. Yuan JM. Cancer prevention by green tea: evidence from epidemiologic studies. Am J Clin Nutr.
2013;98(6 Suppl):1676S—818S.

94. Lambert JD, Yang CS. Mechanisms of cancer prevention by tea constituents. J Nutr.
2003;133(10):3262S-7S.

95. Boots AW, Haenen GR, Bast A. Health effects of quercetin. Eur J Pharmacol. 2008;585(2—
3):325-37.

96. D’Andrea G. Quercetin: a flavonol with multifaceted therapeutic applications? Fitoterapia.
2015;106:256-71.

97. Manach C, Williamson G, Morand C, Scalbert A, Rémésy C. Bioavailability and bioefficacy of
polyphenols in humans. Am J Clin Nutr. 2005;81(1 Suppl):230S—42S.

98. Rao AV, Rao LG. Carotenoids and human health. Pharmacol Res. 2007;55(3):207-16.

99. Giovannucci E. Lycopene and prostate cancer risk. J Natl Cancer Inst. 1999;91(4):317-31.

100.  Erdman JW Jr, Ford NA, Lindshield BL. Are the health attributes of lycopene related to its
antioxidant function? Arch Biochem Biophys. 2009;483(2):229-35.

101. Ioannidis JPA. Why most clinical research is not useful. PLoS Med. 2016;13(6):¢1002049.

102. Booth CM, Tannock IF. Randomised controlled trials and population-based observational
research. Lancet. 2014;383(9927):1549-55.

103. Fasinu PS, Bouic PJ, Rosenkranz B. An overview of the evidence and mechanisms of herb—
drug interactions. Front Pharmacol. 2012;3:69.

104. Izzo AA, Ernst E. Interactions between herbal medicines and prescribed drugs. Drugs.
2009;69(13):1777-98.

105. Williamson EM, Lorenc A, Booker A, Robinson N. The rise of traditional Chinese medicine
and its material challenges. Lancet. 2013;382(9896):159-60.

106. Manach C, Scalbert A, Morand C, Rémésy C, Jiménez L. Polyphenols: food sources and
bioavailability. Am J Clin Nutr. 2004;79(5):727-47.

107. Walle T. Bioavailability of resveratrol. Ann N Y Acad Sci. 2011;1215:9-15.

108. Harvie M, Howell A, Evans DG. Can diet and lifestyle prevent breast cancer? BMJ.
2015;350:g7754.

109. Deng G, Frenkel M, Cohen L, Cassileth BR, Abrams DI, Capodice JL, et al. Evidence-based
clinical practice guidelines for integrative oncology. J Natl Cancer Inst Monogr.
2017;2017(52):1gx012.

110.  Calder PC, Jackson AA. Undernutrition, infection and immune function. Nutr Res Rev.
2000;13(1):3-29.

111.  Zitvogel L, Pietrocola F, Kroemer G. Nutrition, inflammation and cancer. Nat Immunol.
2017;18(8):843-50.

112.  Baldwin C, Spiro A, Ahern R, Emery PW. Oral nutritional interventions in malnourished cancer
patients: a systematic review and meta-analysis. J Natl Cancer Inst. 2012;104(5):371-85.

113. Laviano A, Muscaritoli M. Nutrition support and immune function in cancer. World Rev Nutr
Diet. 2013;105:161-70.

114. loannidis JPA. Why most clinical research is not useful. PLoS Med. 2016;13(6):¢1002049.

115.  Booth CM, Tannock IF. Randomised controlled trials and population-based observational
research: partners in the evolution of medical evidence. Lancet. 2014;383(9927):1549-55.

116. Fasinu PS, Bouic PJ, Rosenkranz B. An overview of the evidence and mechanisms of herb—
drug interactions. Front Pharmacol. 2012;3:69.
117. Izzo AA, Ernst E. Interactions between herbal medicines and prescribed drugs: a systematic

review. Drugs. 2009;69(13):1777-98.

WWW.DIABETICSTUDIES.ORG 111


http://www.diabeticstudies.org/

The Review of DIABETIC STUDIES
Vol. 20 No. 2 2024

118. Williamson EM, Lorenc A, Booker A, Robinson N. The rise of traditional Chinese medicine
and its material challenges. Lancet. 2013;382(9896):159-60.

119. Manach C, Scalbert A, Morand C, Rémésy C, Jiménez L. Polyphenols: food sources and
bioavailability. Am J Clin Nutr. 2004;79(5):727-47.

120.  Walle T. Bioavailability of resveratrol. Ann N Y Acad Sci. 2011;1215:9-15.

121.  Harvie M, Howell A, Evans DG. Can diet and lifestyle prevent breast cancer? BMJ.
2015;350:g7754.

122.  Deng G, Frenkel M, Cohen L, Cassileth BR, Abrams DI, Capodice JL, et al. Evidence-based
clinical practice guidelines for integrative oncology. J Natl Cancer Inst Monogr.
2017;2017(52):1gx012.

123.  Calder PC, Jackson AA. Undernutrition, infection and immune function. Nutr Res Rev.
2000;13(1):3-29.

124.  Zitvogel L, Pietrocola F, Kroemer G. Nutrition, inflammation and cancer. Nat Immunol.
2017;18(8):843-50.

WWW.DIABETICSTUDIES.ORG 112


http://www.diabeticstudies.org/

