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Abstract

:

(1) Background: Gastric cancer is a significant cause of cancer-related mortality worldwide. Weight loss and malnutrition associated with cancer are linked with increased mortality rates and reduced quality of life. Cancer cachexia, characterised by the loss of skeletal muscle, is associated with approximately 20% of cancer-related deaths and differs from malnutrition in that it cannot be fully reversed by nutritional support alone. It is now recognised that the primary pathophysiological process underlying cancer cachexia is chronic inflammation leading to increased calorie consumption. Current treatments that focus on nutritional supplementation, psychological counselling, appetite stimulation and reducing inflammation are lacking in efficacy. This review focuses on the evidence supporting the potential roles of natural anti-inflammatory products and their derivatives including fatty acids, probiotics, amino acids, curcumin, fucoidan, epigallocatechin-3-gallate, ginger, resveratrol and Boswellia serrata in the management of gastric cancer cachexia. (2) Results: While natural anti-inflammatory products show promise in a number of in vitro and in vivo studies, there are only a small number of human studies available. Where present, the evidence base is heterogeneous, with varying study methodologies and outcomes. (3) Conclusions: Natural anti-inflammatory products represent a potential adjunctive therapy for gastric cancer cachexia. Further research, particularly well-designed clinical trials, is needed to elucidate their optimal role, dosing and safety profiles in the management of gastric cancer cachexia.
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1. Introduction


Gastric cancer (GC) is one of the leading causes of cancer-related death with an incidence highly variable by geographic location [1]. The highest incidence rates are seen in eastern Asia and eastern Europe and the lowest rates in northern Europe and northern America. Risk factors include Helicobacter pylori infection, family history and lifestyle factors including tobacco and alcohol consumption [2]. Treatment modalities vary depending on the extent of the disease. Surgical resection with or without peri-operative chemotherapy with curative intent for localised disease has a 5-year survival of 70% [1,3]. In advanced disease, treatment is with palliative chemotherapy and 5-year survival is 7% [4].



Weight loss and malnutrition are commonly associated with cancer with up to 80% of patients becoming malnourished during their disease progress [5]. The most common cause of weight loss is malnutrition, which is an imbalance between the individual’s requirements and their nutritional intake. It can lead to a number of conditions including low body mass, marasmus and kwashiorkor. These conditions differ from cachexia in that they can be reversed with adequate nutritional intake. The pathophysiology of cachexia also differs from malnutrition, with the primary driving factor being inflammation due to underlying disease.



Cachexia is defined as a complex metabolic response with loss of skeletal muscle with or without loss of adipose tissue [6,7,8]. It is associated with a number of non-malignant chronic diseases including heart failure, chronic obstructive pulmonary disease and auto-immune deficiency syndrome (AIDS) as well as malignancy [6]. Cancer cachexia, defined by international consensus, is a multifactorial syndrome with continuous skeletal muscle loss with or without loss of fat that conventional nutrition cannot fully reverse and has been demonstrated to be responsible for more than 20% of cancer-related deaths [5,9]. This loss of skeletal muscle to generate calories is an adaptive response to the increased metabolic demand of systemic inflammation—an attempt by the body to redirect energy to vital organs including the brain [10].



Figure 1 summarises the pathological effects of gastric cancer cachexia. Cancer cachexia was traditionally thought to be due to malnutrition but is now known to be largely due to the metabolic stress of systemic inflammation, which increases calorie consumption to a level not reversible with increased nutritional intake and results in loss of lean body mass [6,7,8]. This is further compounded in many patients by reduced calorie intake due to symptoms such as nausea and anorexia, which may be associated with the underlying disease process and/or with adverse effects of treatments including chemotherapy [11]. This combination of abnormally high metabolism combined with reduced food intake results in negative nitrogen and energy balance, which leads to the catabolism of lean tissue and adipose tissue to preserve energy supply to the vital organs, driving cancer cachexia [8]. Patients with gastric cancer are at a further increased risk of malnutrition and cachexia as the cancer involves the stomach—the primary digestive organ. This can further lead to reduced intake and nutrient malabsorption secondary to the disease process or treatments such as surgical resection or radiotherapy [5]. The result of these pathological effects is loss of body mass and deconditioning, which leads to increased mortality rates and reduced quality of life [11,12].



The pathophysiology of cachexia is due to chronic systemic inflammation powered by pro-inflammatory cytokines such as tumour necrosis factor-alpha (TNF-a) and interleukin 6 and 1 (IL6, IL1) from tumour and host cells. Mainly these cytokines affect the muscle tissues but they also cause multi-organ dysfunction affecting adipose tissue, the liver, the gastrointestinal tract, blood, the brain and the heart [11,12].



Cancer cachexia has been demonstrated to have a negative impact on patient quality of life outcomes and is associated with increased chemotherapy toxicity and adverse effects, as well as increased complications following surgery [8,11,13]. These effects lead to a shorter life expectancy, with cancer cachexia associated with increased mortality risk [14].



Cancer cachexia is a complex disease process with no set standard for clinical assessment [6]. There are a number of clinical tools available to screen for patients at risk such as the Nutrition Risk Screening 2002, Malnutrition Universal Screening Tool and Patient-Generated Subjective Global Assessment tool adapted for patients with cancer, but there are concerns regarding the accuracy of estimating real skeletal muscle loss [6,14,15]. There is a potential role for the use of biomarkers in the diagnosis of cancer cachexia—human CC patients have been demonstrated to have elevated C-reactive protein (CRP), fibrinogen, IL1, IL6 and TNF-a [6,8]. A high score in the modified Glasgow prognostic score (mGPS) is associated with poor prognosis in advanced cancer and utilises increased serum fibrinogen and CRP and decreased serum albumin levels, demonstrating the centrality of systemic inflammation [6,8]. The gold standard for body composition assessment is computed tomography or magnetic resonance imaging of the 3rd lumbar vertebra cross-section; however, these investigations are not cost-effective, and computed tomography imposes ionising radiation risk [6,8].



The aim of cancer cachexia treatment is the prevention of muscle loss through a reversal of the pathological negative energy balance [6]. The mainstay of treatment is increasing nutritional intake through nutritional supplements and dietary counselling [16]. Pharmacological treatment is not universal but includes medications aimed at stimulating appetite and/or reducing inflammation [6] (Figure 2).



Initial approaches to management involve oral nutritional supplements with some cases requiring enteral or total parenteral nutrition [6,17]. Pharmacological treatments include short courses of glucocorticoids (reducing inflammation and stimulating appetite) and progesterone derivatives; however, the former comes with a catabolic effect on skeletal muscle and the latter with an increased venous thromboembolism risk [6,13] (Figure 2). They have the potential to inhibit pro-inflammatory cytokines that are part of cancer cachexia such as TNF-a and IL1. Non-steroidal anti-inflammatories (NSAIDs) may be used alongside steroids but are not tolerated by those with asthma and known gastrointestinal problems. The risk of toxicity limits its use, as chronic usage can lead to gastric ulcerations, perforation and even obstruction [18]. NSAIDs also have the potential to reduce TNF-a levels and increase lean weight; however, they have not been regularly used outside of clinical trials. Another downside of pharmacological treatment is that they can interact with chemotherapy agents negatively and cause adverse effects on patients, and in some cases, pharmacological treatments add further medication burden on patients [14].



The recognition of the importance of reducing systemic inflammation in the treatment of cancer cachexia underpins the rationale for the recent interest in the potential role of natural anti-inflammatory products. Natural products given in calculated doses are considered nutritional interventions or natural dietary supplements, defined as products taken orally that contain vitamins, minerals, herbs or any other substance that can supplement the diet [15,16]. The supplements are not intended to treat, diagnose, cure or alleviate the effects of the disease as per the regulations of the Food and Drug Administration and so are not regarded as pharmacological therapy [19]. Therefore, the benefits are that they are often cost-effective, readily available and generally well-tolerated [20].



Gastric cancer is a leading cause of cancer-related death with a 5-year survival of 7% in advanced cases. Cancer cachexia, the pathological loss of skeletal muscle with or without loss of fat that cannot be fully reversed by conventional nutrition, is thought to be responsible for 20% of cancer-related deaths. Systemic inflammation is now known to be the central underlying causative factor, and treatment options are limited, with the mainstays including nutritional supplementation and nutritional counselling, as well as the use of appetite stimulants and anti-inflammatories though their use varies by institution. Natural dietary supplements may provide adjunctive therapies for patients with gastric cancer cachexia. This review will focus on the evidence in the literature and the potential roles of the more widely studied natural anti-inflammatory products in the treatment of gastric cancer cachexia.




2. Natural Anti-Inflammatories and Their Derivatives


2.1. Introduction


Natural anti-inflammatories and their derivatives are recognised as having a potential role in the mitigation of cancer cachexia, which is now understood to be primarily driven by systemic inflammation causing pathological levels of muscle wasting. Table 1 provides a summary of the natural anti-inflammatory compounds with their major dietary sources and proposed mechanisms of action.



Essential fatty acids are found abundantly in sources including fish, flaxseeds and walnuts and possess anti-inflammatory properties [21]. Probiotics are present in fermented foods such as kefir, kimchi and kombucha and may modulate the gut microbiota with a potential result in reducing inflammation [22,23]. Essential amino acids are present in proteinaceous foods such as meat, eggs and seeds and are crucial for muscle protein synthesis and may therefore help promote muscle anabolism and reduce catabolism [24,25]. Curcumin, found in the commonly used flavouring turmeric (Curcuma longa), and fucoidan, extracted from brown algae, demonstrate anti-inflammatory effects and may improve chemotherapy tolerance [26,27,28]. Epigallocatechin-3-gallate (EGCG) is present in green and white tea, gingerol in ginger, quercetin in fruits and vegetables, resveratrol in red grapes and capsaicin in chili peppers [29,30,31]. Their mechanisms are unknown; however, they may exhibit anti-inflammatory properties that may alleviate systemic inflammation in cancer cachexia reducing overall metabolic burden. We will now discuss these compounds in more detail.




2.2. Essential Fatty Acids


Fatty acids (FAs) are a component of fat and are found at a cellular level in membrane lipids [16,32]. Fatty acids can be divided into saturated and unsaturated depending on the presence of double bonds between hydrocarbons. Most fatty acids can be synthesised by the human body; however, polyunsaturated fatty acids (PUFAs) need to be obtained from external sources; these are also known as essential fatty acids. From PUFAs, humans can then further synthesise eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA), which are omega-3 FAs, but they can also be sourced from fish and marine products. EPA and DHA are mostly derived from fish oil [33].



EPA and DHA have been shown in some studies to improve cancer cachexia by inhibiting proinflammatory cytokine production [16,19]. Eicosapentaenoic acid also modulates the production of prostaglandins and leukotrienes. One mechanism is by reducing the availability of arachidonic acid, an omega-6 fatty acid, for cyclooxygenase and lipoxygenase enzymes through competitive inhibition [34]. This reduces the downstream products from arachidonic acid metabolism. Furthermore, the prostaglandins derived from EPA are less pro-inflammatory than those produced using arachidonic acid [34]. FAs have also been shown to reduce acute phase proteins such as C-reactive protein in different types of cancer [20,21].



In a gastrointestinal cancer study by Shirai et al., skeletal muscle mass and lean body mass significantly increased with fish oil-enriched nutrition given during systemic chemotherapy to patients [28]. It also showcased that in patients with modified Glasgow performance score (mGPS) of 1 or 2, fish oil-enriched nutrition was associated with improved tolerance to chemotherapy and improved prognosis when compared to a control group not supplemented with fish oil-enriched nutrients. In a small study in Sweden of 24 patients with advanced gastrointestinal cancer, Persson et al. demonstrated that fish oil has the potential to have weight stabilisation or weight gain properties compared to patients on melatonin alone, 38% of the fish oil group showed weight stabilisation [35].



The main limitations of these studies are that there are not many in the literature, and those that exist vary widely in dosage and patient cohort, particularly in terms of inflammatory-oxidative stress status prior to treatment [36]. They are also limited by short treatment and follow-up periods and low dosages of fatty acids. The recommended minimum dosage of EPA is 2 g/per day and longer than 2 months [32]. There is some early evidence to suggest a possible role for fatty acids in the treatment of cancer cachexia; however, further evidence is needed to support randomised controlled trials in gastric cancer cachexia before hypotheses can be confidently formulated [37].




2.3. Probiotics/Gut Bacteria


Systemic inflammation has been demonstrated to be central in the process of cancer cachexia, increasing the overall metabolic demand and outstripping calorie and nutrient intake. The intestinal microbiota comprises approximately 100 trillion microorganisms including bacteria, fungi and viruses [38]. The majority of the microbiota is within the gastrointestinal tract. Animal models have been used to demonstrate associations between the intestinal microbiota and systemic inflammation in a number of diseases including obesity, cardiovascular disease, inflammatory bowel disease and cancer, but the mechanisms underlying the link between the human gut microbiota and systemic inflammation in cancer cachexia patients is not yet fully understood [17].



Dysbiosis is a term that refers to harmful alterations of the microflora within the gastrointestinal tract and can be associated with changes in diet, use of antibiotics, disease states and other causes [17,38]. There are a number of proposed hypotheses linking dysbiosis with systemic inflammation including intestinal barrier dysfunction, increases in pro-inflammatory cytokine production, reduction in short-chain fatty acid production and production of pro-inflammatory metabolites [17,38,39].



The intestinal microbiota has been demonstrated to shift toward a dysbiotic state in animal models of cancer cachexia versus healthy controls [17]. This was linked to weight loss and muscle atrophy. Furthermore, in a study of human patients with cachexia secondary to advanced gastric cancer, significantly increased levels of intestinal barrier dysfunction were demonstrated, as well as significant differences in the gut microbial profile [40].



In a study of patients with colorectal cancer, the administration of post-operative probiotics demonstrated a significant reduction in microbiota dysbiosis with a reduction in chemotherapy-related adverse effects [41]. Though not directly demonstrated, improved tolerance to chemotherapy may reduce the risk of development of sarcopenia and cachexia. This was further demonstrated in another study of patients with colorectal cancer who received probiotics for six months and demonstrated reduced pro-inflammatory biomarkers [42].



Probiotics, defined as “live microorganisms that, when administered in adequate amounts, confer a health benefit on the host”, have more recently been recognised as a potential treatment for cancer cachexia [23]. Through prevention of dysbiosis, probiotics may preserve the integrity of the intestinal barrier, preventing translocation of bacteria and subsequent systemic inflammatory states, as well as maintaining higher levels of compounds such as short-chain fatty acids, which rely on intestinal bacteria activity for the formation [13]. There are no studies in gastric cancer animal models or human patients, but a number of studies of non-gastric cancer-related cachexia exist. In one study of L. reuteri administered orally to a well-validated colon cancer gene knockout mouse model, treatment was associated with increased muscle mass and reduced muscle atrophy, as well as reduced markers of inflammation [43]. This was also demonstrated in a mouse model of cachexia in leukaemia [44].



There clearly is a paucity of evidence available for the role of probiotics in cancer cachexia, and the relevance of these findings in mouse models on human patients is not yet known. Animal models typically demonstrate aggressive cancer phenotypes with rapidly progressing cachexia; so further investigation in human studies is needed, ideally in the form of a randomised controlled trial. The studies demonstrate a possible role of probiotics in reducing inflammation, which may reduce the overall metabolic burden of homeostasis, as well as reducing side effects of cancer treatment, which may improve appetite and increase calorie intake, which will reduce cachexia. There have been some concerns over the safety of probiotic administration in cancer patients, given their often immunosuppressed state and the dangers of administering live bacteria. A systematic review showed that there are rare isolated reports of possible sepsis following probiotic use in cancer patients, which may need further investigation [45]. This would need to be considered if planning a randomised controlled trial.




2.4. Amino Acids


Skeletal muscle loss is an integral part of cancer cachexia, leading to an interest in the potential role of amino acids in its treatment. Essential amino acids (EAAs) are amino acids that cannot be synthesised by the body and have to be sourced exogenously. Branched-chain amino acids (BCAAs) are a special group of EAAs that consist of valine (Val), leucine (Leu) and isoleucine (Ile), which are needed for skeletal muscle production and also serve as substrates for tumour growth. Malignant tumours require a constant source of glucose and glutamine due to high metabolic activity, which increases in size as the tumour grows. This deprives the muscles of their nutrients, which causes muscle fibres to alter their metabolism by catabolising muscle into amino acids to support tumour growth and liver metabolism [16,31]. It was also noted that cancer patients had markedly altered circulating amino acids, especially EAAs, and this varied depending on patients’ weight loss, nutrition and metastasis, which is why plasma amino acids could play a potential role as biomarkers for diagnosis and screening cancer patients [46]. Miyagi et al. demonstrated that gastric cancer had reduced plasma amino acids [34,47]. Over time, however, anabolic resistance is seen in cancer cachexia in advanced disease—this is where the body’s tissues become less responsive to anabolic stimuli such as external amino acids. This process contributes to muscle wasting and is one of the reasons that nutritional support alone cannot reverse cancer cachexia [33,47].



Leu supplementation has the potential to stimulate muscle anabolism and reduce catabolism, especially β-hydroxy-β-methylbutyrate (HMB), a metabolite of Leu [48]. Amino acids have been widely tested with animal models and have shown promising results in attenuating cancer cachexia. There have been no clinical trials in humans of single amino acids as a sole treatment for cancer cachexia, and they are usually tested along with anti-inflammatory and antioxidant mixtures [46]. Cangiano et al. studied 25 cancer patients, including 9 gastrointestinal cancer, comparing BCAAs (n = 13) with placebo (n = 12) and showed reduced cancer-associated anorexia. Patients’ nutritional status was compared pre- and post-intervention using biochemical testing and evaluation of daily caloric intake. Certain amino acids were noted to be higher in BCAA patients compared with placebo, and it was noted that caloric intake was increased in the BCAA group [49]. Yamamoto et al. administered 2.4 g of HMB to 22 patients with gastric cancer in addition to their daily protein and calorie intake for a duration of 16 days in a single-arm study. It also included a tailored exercise programme consisting of handgrip training, walking and resistance training. After 16 days, handgrip strength had increased with total calorie and protein intake compared to the previous study [35,37]. Although observations of single amino acids in animal models are encouraging, it is unknown whether this can be translated to humans, as animal muscle metabolism is different to humans and may cause a different reaction to amino acid supplementation [50].



In humans, Deutz et al. formulated a high leucine- and protein-rich diet, which was demonstrated to stimulate muscle protein synthesis in a group of 25 patients with mostly lung or colon cancer [46]. The authors hypothesised that the observation of a reduction in muscle breakdown was at least partly attributable to the increased intake of the essential amino acid leucine. It is notable however that the sample size is small, and a number of extra components were added to the treatment arm food including fish oil, protein, leucine and specific oligosaccharides. It is therefore difficult to determine the significance of the essential amino acid leucine specifically. Another study by Tayek et al. in a cohort of 10 patients with advanced intra-abdominally spread adenocarcinoma with a partial or complete obstructed gastrointestinal tract (of which 2 had gastric cancer) demonstrated that branched-chain amino acid-enriched total parenteral nutrition had a positive effect on protein metabolism. The cross-over study treated the subjects with a conventional total parenteral nutrition formula containing 19% branched-chain amino acid and an enriched formula containing 50% branched-chain amino acid in random order. Whole-body protein turnover was determined by continuous radiolabelled leucine infusion. Infusion of branched-chain amino acid-enriched total parenteral nutrition was associated with significantly increased whole-body protein synthesis (3.9 vs. 2.2 g protein per kg bodyweight per day; p < 0.005) versus the conventional total parenteral nutrition group. Nine out of ten patients showed improvement in albumin fractional synthetic rates while on a branched-chain amino acid-enriched feed, potentially improving overall nutritional status in this small group with advanced adenocarcinoma and inadequate oral intake [51].



The European Society for Clinical Nutrition and Metabolism provides guidelines for cancer cachexia management and advises a minimum of 1 g protein/kg/day based on an estimated 25 kcal/kg of daily energy expenditure [52]. This is now thought to be insufficient in patients with anabolic resistance and in those with significant muscle loss [48]. Further research is needed to understand the role of amino acids in treating gastric cancer cachexia.




2.5. Curcumin


Turmeric (Curcuma longa) is a part of the ginger family and contains the polyphenolic compound curcumin, which has long been used as a natural supplement. Curcumin has been reported to have anti-inflammatory, antioxidative and anticarcinogenic effects. Oelkurg et al. showed that curcumin was able to directly induce cell death in cancer cells in vitro [26]. The mechanism is thought to be via an increase in caspase activation.



Additionally, curcumin can stimulate appetite and may have direct effects on cancer cachexia. Like other natural remedies, the anti-cachectic property of curcumin was found to be related to its ability to suppress the activity of NF-κB by hindering phosphorylation and subsequent separation of one of its inhibitors, IκB, thereby potentiating its effects [26]. This pathway results in proteolysis in muscles but, in hepatocytes, results in the production of interleukin-6, 8 and C-reactive protein [53]. Aside from this pathway, curcumin also reduces the proteolytic effects of the 20S proteasome via suppression of proteolysis-inducing factor [41]. Elevated levels of IL-6 have also been implicated in cancer cachexia. Therefore, decreases in IL-6 activity via suppression of NF-κB by curcumin have shown benefits in counteracting the effects of cachexia in mice [26].



The anti-cachectic effects of curcumin have also been studied in a clinical trial. Chaiworramukkul et al. published a randomised, double-blind, placebo-controlled phase 2a study, where patients with solid malignancy were enrolled 1:1 to receive oral curcumin or placebo for 8 weeks [53]. No statistically significant changes were seen in body composition between the two groups. However, patients treated with curcumin had less reduction of hand grip strength although this was also not statistically significant. A small sample size probably limited the ability of this study to demonstrate a clear difference; so further research, both clinical and preclinical, is required to investigate the multiple effects of curcumin.



Curcumin is available as turmeric, but can also be obtained in concentrated forms as curcumoids (also containing demehtoxycurcumin and bis-demehtoxycurcumin) and curcumin alone. [54]. In clinical trials, curcumin is typically provided as an oral agent and can be provided in varying dosages. It has even been used as a supplement in conjunction with chemotherapy [55]. Systemic exposure of doses up to 8000 mg/d has been tolerated by patients in a clinical trial [56] Unfortunately, curcumin has poor oral absorption and weak bioavailability and is easily dissolved in aqueous solution. These properties may limit its effects when used as a supplement, so research is also required to determine the optimal delivery medium and method [57].




2.6. Fucoidan


Fucoidan products are carbohydrate compounds rich in fucose, which are found in brown, green and red marine macroalgae. Fucoidan compounds can be classified based on their molecular weight. Low- and middle-molecular-weight fucoidan products have been shown to increase cellular production of anti-oxidation and cytotoxicity while high-molecular-weight fucoidan is thought to enhance immune activity [27]. The multitude of activities is related to their structural diversity. The brown algae Laminaria longipes and Saccahrina cichorioides have been demonstrated to prevent the growth of cancer cells and sensitise these cells to X-ray radiation. Other fucoidan compounds found in other algae have been shown to induce apoptosis and augment mitochondrial membrane permeability in colon cancer cells [58].



More recently, work has been undertaken examining the immunomodulatory effects of fucoidan. It is thought that it does this by binding to and activating macrophages, monocytes and dendritic cells. In this way, an immune response is elicited and may assist in its antitumour activity [59].



Only one study looked specifically at advanced gastric cancer [60]. Twenty-four patients were administered high-molecular-weight fucoidan with chemotherapy, and these patients showed improved mean survival (12 vs. 8 months, p = 0.039) and longer chemotherapy treatment periods (7.4 vs. 4.6 months, p = 0.004) due to reduced fatigue levels. It is not quite understood how fucoidan is able to control fatigue caused by a chemotherapy agent. It is theorised that it could be due to fucoidan anticancer effects or their ability to suppress chemotoxicity.



Due to their varied structure and composition, research into their various effects is ongoing and complex. Although their many biological actions hold promise, clinical trials are currently limited [58].




2.7. Epigallocatechin-3-Gallate (EGCG)


Epigallocatechin-3-gallate (EGCG) is the major antioxidant found in green tea and possesses not only antioxidant properties but also anti-inflammatory, anti-mutagenic and anticarcinogenic properties. Wang et al. reported in a mouse model that EGCG was able to reduce the amount of body weight lost and the amount of muscle mass lost related to cancer, in a dose-dependent manner [29]. The pathway via which this occurred was shown to be by direct inhibition of nuclear factor—kappa light chain (NF-κB), with a subsequent downstream reduction in the ubiquitin–proteosome dependent proteolytic pathway, which normally results in enhanced protein breakdown. In the same study, EGCG decreased leucocyte infiltration and subsequently inflammation of skeletal muscle cells. These pathways may reflect a potential role for EGCG as an anti-cachexia agent.



It has also been recognised that the antioxidant capacity of other supplements such as vitamin C increased when combined with EGCG [60,61]. EGCG represents an important natural agent that requires further research in both pre-clinical and clinical studies. However, it has been highlighted that EGCG has low bioavailability, perhaps limiting its potential effects on humans [57].




2.8. Ginger


Ginger (Zingiber officinale Roscoe) has long been used in traditional remedies for a variety of ailments, particularly related to the gastrointestinal tract. It is hypothesised that the metabolites of ginger (gingerols and shogaols) act peripherally within the gastrointestinal tract to inhibit serotonin and cholinergic receptors, which subsequently improve gastric tone and motility [62]. Its use has been shown to improve gastric myoelectrical activity with improvements in symptoms of nausea, dysmotility and reflux-like symptoms in patients with advanced cancer. This subsequently may affect the anorexia–cachexia syndrome by improving the patient’s oral intake [30]. A wide variety of different cancers were included in the study, although none of the patients included had upper gastrointestinal cancers. However, all patients showed an improvement in symptoms suggesting this may be a generic beneficial effect, rather than for specific types of cancer. The same study reported no change in inflammatory markers for patients treated with 2 weeks of ginger [30].




2.9. Quercetin


Quercetin is a natural flavonoid found in fruits and vegetables such as onions, grapes, cherries, broccoli and citrus fruits [63]. It has antioxidant effects along with potential anti-cachexia properties. Oral supplementation with quercetin appears to have some beneficial effects against cancer cachexia. In an adenomatous polyposis coli mouse model study, mice given quercetin demonstrated less body weight reduction after 15 weeks compared with controls, along with less grip strength loss and less muscle mass loss [63]. Further clinical trials regarding the use of quercetin and its actions on cancer and cachexia are needed [64].




2.10. Resveratrol


Resveratrol is another naturally occurring phenol agent found in the skin of grapes, peanuts and pine bark [57]. It has been reported to have antioxidant, anti-inflammatory and anticancer effects [65]. Observational population studies in humans found that high ingestion of resveratrol was inversely associated with cancers such as breast and oesophageal cancer.



However, most studies in the literature on the use of resveratrol in cancer have been carried out in mouse models. It has been used in combination with other supplements such as curcumin and quercetin, and these in vivo studies conclude that resveratrol supplementation may promote tumour cell apoptosis and also attenuate proteolysis, thus ameliorating some effects of cancer cachexia [66,67].




2.11. Capsaicin and Boswellia Serrata


Similarly, other natural products known to have anti-inflammatory properties are capsaicin and Boswellia serrata. Little is known about their potential benefits for use in cancer cachexia; however, they have been used alongside chemotherapy agents.



Capsaicin is the main active ingredient found in chili peppers [31]. It has been tested alongside the widely used chemotherapeutic agent cisplatin to alleviate chemotherapy-induced muscle loss and atrophy. There may be some utility in capsaicin in alleviating chemotherapy-induced muscle loss, but further studies are needed.



Acetyl-keto-boswellic acid is extracted from the frankincence of the Boswellia species tree. It has been shown to have potential anticancer properties [68]. In in vitro studies and animal models, boswellic acids have been shown to inhibit pro-inflammatory enzyme synthesis [69]. In an in vitro study by Al-Bahlani et al., boswellic acid was shown to enhance gastric cancer cells to cisplatin-induced apoptosis. Sun et al. demonstrated that boswellic acid is able to promote apoptosis of cancer cells in vitro [68,70]. No direct use in cancer cachexia has been utilised in the literature, but given its anti-inflammatory properties, this plant extract should be further researched.





3. Conclusions


Cancer cachexia presents a significant challenge in the management of patients with gastric cancer, impacting both quality of life and treatment outcomes. Current therapeutic approaches focus on reducing systemic inflammation and preventing muscle loss through nutritional interventions, appetite stimulation and anti-inflammatory medications. However, the efficacy of pharmacological treatments is limited by adverse effects and potential interactions with chemotherapy agents. In this context, natural anti-inflammatory products emerge as promising adjunctive therapies for gastric cancer cachexia.




4. Future Directions


Future research in gastric cancer cachexia will aim to further understand the mechanisms underlying the metabolic and inflammatory pathophysiology of the disease. Current treatment strategies are limited, and the establishment of new treatments is dependent on the development of rigorous clinical trials that are expensive and time-consuming. The role of natural anti-inflammatory products as adjunctive therapies has the potential to improve patient outcomes with encouraging preclinical evidence; however, clinical evidence is scant.



Fatty acids, particularly omega-3 fatty acids derived from fish oil, have shown potential in reducing inflammation and preserving muscle mass in patients with gastric cancer. Further research must aim to standardise dosing and treatment duration. Probiotics, by modulating gut microbiota and reducing systemic inflammation, offer a novel approach to mitigating cachexia-related complications; however, clinical trials are needed to validate efficacy and safety in patients with gastric cancer cachexia. Amino acids have been demonstrated to decrease muscle wasting in certain cohorts; however, their efficacy in gastric cancer cachexia patients should be demonstrated in rigorous clinical trials.



Curcumin, fucoidan, epigallocatechin-3-gallate (EGCG) and ginger represent additional natural compounds with anti-inflammatory and anti-cachectic properties. While preclinical studies have shown promising results, clinical trials are needed to validate their efficacy and safety in gastric cancer cachexia. There are several challenges to be overcome such as variable bioavailabilities, potential interactions with other medications and supplements and ascertaining optimal delivery routes. Future research should aim to further understand the mechanisms of action of these compounds in the pre-clinical setting, as well as demonstrate safety and efficacy through well-designed clinical trials.



The multifactorial nature of gastric cancer cachexia necessitates a comprehensive approach integrating conventional therapies with novel strategies targeting systemic inflammation and muscle preservation. Natural anti-inflammatory products offer a promising avenue for improving outcomes in patients with gastric cancer by addressing the complex interplay of metabolic and inflammatory processes underlying cachexia.
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Figure 1. Pathological effects of gastric cancer cachexia. 
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Figure 2. Current cancer cachexia treatment modalities. 
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Table 1. Naturally occurring anti-inflammatory compounds; their dietary sources and proposed mechanisms of action. ↓ and ↑ respectively indicate reduction and increase in levels.
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	Compound
	Major Dietary Sources
	Proposed Mechanisms





	Essential fatty acids
	Nuts, seeds, fish oil
	↓pro-inflammatory cytokine production

↑chemotherapy tolerance



	Probiotics
	Fermented foods including kimchi, kombucha, sauerkraut, kefir
	↓gut dysbiosis

↑chemotherapy tolerance



	Essential amino acids
	Meat, fish, eggs, nuts, seeds
	↑muscle anabolism/↓muscle catabolism



	Curcumin
	Turmeric (Curcuma longa)

Other turmeric species
	↓pro-inflammatory cytokine production

↑appetite



	Fucoidan
	Seaweed (kombu, wakame)

Seafood (abalone, sea urchin)
	↑chemotherapy tolerance



	Epigallocatechin-3-gallate (EGCG)
	Green tea

White tea
	Unknown



	Ginger
	Ginger (Zingiber officinale Roscoe)
	↓nausea
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