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ABSTRACT 
 
Lung cancer remains a formidable challenge in oncology, necessitating innovative and comprehensive therapeutic 
approaches. Lung cancer treatment encompasses diverse modalities such as chemotherapy, radiotherapy, targeted 
therapy, and immunotherapy. Chemotherapy continues to stand as a fundamental treatment approach, yet the conse-
quential side effects it brings forth pose significant barriers to its broad implementation and serve as a primary imped-
iment in clinical practice. This review presents a detailed exploration of natural molecules, dietary strategies, and their 
potential to enhance chemotherapy's efficacy and mitigate adverse effects. Moreover, the significance of combined 
therapies emerges, elucidating their capacity to synergistically combat lung cancer through enhanced treatment effi-
cacy, resistance prevention, and personalized patient care. This paper also underscores the value of adjuvant therapy 
and its role in extending patient survival and reducing recurrence rates. In addition, the interplay between gut micro-
biota and chemotherapy outcomes is examined, emphasizing the potential for microbiota modulation to optimize treat-
ment responses. Conclusively, this comprehensive review underscores the dynamic landscape of lung cancer treat-
ment, advocating for a holistic approach that integrates cutting-edge therapeutic paradigms to enhance patient out-
comes and quality of life. 
 

1. Introduction 
 
Lung cancer is one of the most common cancers worldwide. The incidence of lung cancer varies geographically and 
is strongly associated with tobacco smoking, which is a major risk factor for the disease. Lung cancer has a high 
mortality rate, largely due to its often advanced stage at the time of diagnosis. The overall survival rate for lung cancer 
is relatively low, with a five-year survival rate around 20% (Thandra, Barsouk, Saginala, Aluru, & Barsouk, 2021).    
Lung cancer is broadly categorized into two main histological types: non-small cell lung cancer (NSCLC) and small 
cell lung cancer (SCLC). NSCLC accounts for the majority of lung cancer cases (around 85%), with adenocarcinoma, 
squamous cell carcinoma, and large cell carcinoma being the major subtypes. SCLC, although less common, is more 
aggressive and tends to metastasize rapidly. Notably, SCLC is recognized for its aggressive nature and strong corre-
lation with smoking habits. The hallmark symptoms of lung cancer encompass persistent coughing (often accompa-
nied by blood), unexplained weight loss, breathlessness, and chest discomfort (Inamura, 2017; Lemjabbar-Alaoui, 
Hassan, Yang, & Buchanan, 2015). 

While a spectrum of therapeutic options exists, chemotherapy remains the cornerstone of treatment (Hirsch 
et al., 2017). However, the substantial burden of chemotherapy-induced side effects poses considerable challenges to 
its application in cancer patients. Of particular concern is the potential long-term detriment inflicted by chemotherapy, 
which poses risks to post-treatment well-being (Henry et al., 2008). Consequently, the identification and implemen-
tation of strategies to ameliorate chemotherapy's adverse effects are imperative. 

In this review, I will firstly give a comprehensive introduction on lung cancer biology, pathology and current 
therapies. Then my focus revolves around the assessment of interventions that have exhibited notable efficacy in 
mitigating the adverse effects of chemotherapy. By analyzing established approaches, I aim to glean insights into their 
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practical applicability and potential limitations. Furthermore, I will try to offer novel avenues to enhance the tolera-
bility of chemotherapy and improve the overall quality of life for lung cancer patients. 
 

2. Lung Cancer Progression and Therapeutic Advances 
 
2.1 The Development of Lung Cancer 
 
Lung cancer advances through intricate genetic and cellular transformations that disrupt the usual lung tissue regula-
tion. Carcinogen exposure, primarily from smoking or environmental sources like radon or asbestos, triggers genetic 
mutations in lung cell DNA. These mutations induce uncontrolled cell growth and division. Mutated cells replicate to 
form genetically identical clusters known as clones, dividing faster and forming small tumors. Additional genetic 
changes hinder regular cellular processes, like apoptosis and DNA repair, allowing mutated cells to elude natural 
growth controls (Cooper, Lam, O'Toole, & Minna, 2013). 

As the tumor enlarges, it requires a blood supply for sustenance. Tumor cells release angiogenic factors, 
promoting new blood vessel growth (angiogenesis) from nearby tissue. The tumor can infiltrate neighboring tissues 
and structures, potentially spreading to lung tissue and lymph nodes. Cancer cells can eventually detach from the 
primary tumor, entering the bloodstream or lymphatics, leading to distant metastasis. Lung cancer frequently metas-
tasizes to organs such as the liver, bones, brain, and adrenal glands. The tumor microenvironment, consisting of im-
mune cells, fibroblasts, blood vessels, and other elements, significantly influences tumor progression. Cancer cells 
manipulate this environment to enhance their survival, growth, and invasion. Over time, lung cancer cells may develop 
resistance to treatments like chemotherapy, targeted therapy, and immunotherapy, stemming from additional genetic 
mutations or tumor cell adaptations (Birring & Peake, 2005; Nooreldeen & Bach, 2021). 

Small Cell Lung Cancer (SCLC) and Non-Small Cell Lung Cancer (NSCLC) are the two primary forms of 
lung cancer (Thandra et al., 2021). SCLC, accounting for about 15% of cases, is aggressive, often linked to smoking, 
and tends to metastasize rapidly. NSCLC, comprising approximately 85% of cases, includes subtypes like adenocar-
cinoma, squamous cell carcinoma, and large cell carcinoma. NSCLC generally grows more slowly, and while smoking 
is a risk factor, it also occurs in non-smokers. SCLC responds well to initial treatment but has a poorer prognosis, 
whereas NSCLC has varied responses and prognoses depending on subtype, stage, and treatment. Overall, SCLC is 
known for its aggressiveness and early metastasis, while NSCLC is more diverse, often detected at different stages, 
and has a broader range of treatment options and outcomes. Liver metastasis is prevalent in SCLC, while brain me-
tastasis occurs in both SCLC and adenocarcinoma. For non-small cell lung cancer (NSCLC), surgery is often pursued 
in early stages for potential cure. However, post-resection, a significant portion of NSCLC patients still face recurrence 
risks. While the 5-year survival rate after resection is promising for stage I patients, it drops to 25% for stage IIIA 
patients (Giaccone & He, 2023; Lemjabbar-Alaoui et al., 2015). 
  
2.2 Chemotherapy for Lung Cancer 
 
Despite the transformative impact of molecular targeted therapy and immuno-oncology in lung cancer treatment, 
chemotherapy remains a cornerstone of treatment for various stages and types of lung cancer, including NSCL and 
SCLC (Hirsch et al., 2017). The current progress in chemotherapy for lung cancer has seen significant advancements 
in recent years. Robust evidence supports its clinical advantages, alone or in combination, for both early and advanced 
lung cancer, significantly prolonging survival and enhancing quality of life. Previously, metastatic lung cancer had 
dire median survival, but platinum-based and newer agents ushered in substantial improvements. Adjuvant chemo-
therapy showed enhanced survival in early-stage resected cases, especially with cisplatin-based regimens. Novel 
chemotherapeutic agents and combination therapies have led to improved response rates and prolonged survival for 
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some patients (Grant, Hagopian, & Nagasaka, 2023). However, challenges persist, including drug resistance and var-
ying patient responses, especially for the side effects. 

Chemotherapy employs chemically synthesized drugs to target and impede the growth of tumor cells. These 
drugs disrupt processes like DNA and mRNA synthesis and cell division, effectively eradicating cancerous and inev-
itably bringing damage to normal cells. Common chemotherapy drugs include etoposide, gemcitabine, paclitaxel, and 
cisplatin. Frequently used chemotherapy agents encompass a range of drugs, with notable examples being etoposide, 
gemcitabine, paclitaxel, and cisplatin. These compounds are pivotal components of cancer treatment regimens, playing 
a significant role in targeting and impeding the growth of malignant cells. Etoposide, for instance, operates by inhib-
iting DNA replication, gemcitabine disrupts DNA synthesis, paclitaxel exerts its impact by hindering microtubule 
formation, and cisplatin forms cross-links in DNA strands, collectively contributing to their antitumor effects. The 
utilization of these chemotherapy drugs reflects their integral position in modern oncology, where their distinct mech-
anisms of action are strategically employed to combat various forms of cancer (Pinedo & Giaccone, 1997). 

Different chemotherapy drugs have distinct toxicity profiles, which influence treatment choices, patient tol-
erance, and success rates. Etoposide can lead to lowered blood cell counts, increasing the risk of infections and bleed-
ing, while gemcitabine may cause fatigue, nausea, and flu-like symptoms. Paclitaxel can induce neuropathy, charac-
terized by tingling and numbness in extremities, and cisplatin is known for its potential to cause kidney damage and 
hearing loss. Neurotoxicity of chemotherapy has been linked to cognitive changes, often referred to as "chemobrain" 
or "chemotherapy-induced cognitive impairment." This manifests as memory, learning, concentration, and reasoning 
impairment during and after chemotherapy, affecting patients' quality of life. While some cases exhibit subtle, short-
term effects, certain chemotherapeutic agents may cause sustained, long-term cognitive side effects, underscoring the 
need for balanced treatment approaches (Altun & Sonkaya, 2018). The array of side effects underscores the importance 
of personalized patient care, where a thorough understanding of the toxicity profiles of these drugs guides treatment 
decisions and proactive management strategies. 

 

 
 
Figure 1. Side effects of lung cancer chemotherapy 
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3. Interventions in the Side Effects of Lung Cancer Chemotherapy 
 
3.1 Natural Molecules 
 
Efforts to alleviate the side effects of lung cancer chemotherapy have led to the exploration of diverse strategies. One 
avenue of research delves into the potential benefits of utilizing small molecules, such as plant extracts and adaptogens, 
which are recognized for their capacity to enhance adaptability and cognitive functions in individuals undergoing 
chemotherapy. A variety of natural molecules have been investigated for their potential to mitigate the adverse effects 
of chemotherapy. For example, curcumin, a compound found in turmeric, is known for its antioxidant and anti-in-
flammatory properties, and ginger has been explored as a means to reduce nausea and vomiting associated with chem-
otherapy (Liu et al., 2018). Green tea extract, which is rich in antioxidants, aims to provide protection to healthy cells 
against the damaging effects of chemotherapy (Cao, Han, Xiao, Qiao, & Han, 2016). Omega-3 fatty acids derived 
from sources like fatty fish and flaxseed have shown potential in countering inflammation and fatigue experienced by 
patients undergoing chemotherapy (Freitas & Campos, 2019). Vitamin D has been recognized for its role in promoting 
bone health, an aspect that can be particularly compromised during chemotherapy (Kennel & Drake, 2013). Moreover, 
glutamine has shown promise in reducing gastrointestinal toxicity, and acupuncture is being explored as a potential 
approach for managing various chemotherapy-related symptoms (Gaurav, Goel, Shukla, & Pandey, 2012). Honey, 
with its antioxidant and anti-inflammatory qualities, offers a unique avenue for potential protective benefits (Ahmed 
et al., 2018). While these natural interventions hold promise, their effectiveness and safety necessitate further rigorous 
investigation. 
 
3.2 Diet Intervention 
 
Cancer is increasingly recognized as a metabolic disorder due to distinct metabolic behaviors in tumor cells compared 
to healthy cells. Tumor cells not only exhibit unique metabolic patterns but also induce systemic metabolic alterations 
(Amoedo, Valencia, Rodrigues, Galina, & Rumjanek, 2013). Utilizing dietary approaches to target metabolism is 
gaining prominence in cancer treatment. Interventions targeting systemic metabolism hold the potential to enhance 
therapeutic effectiveness and patients' treatment response. 
 
3.2.1 Caloric Restriction 
 
Caloric restriction (CR), renowned for enhancing health span and lifespan, is under scrutiny as a potent intervention 
across models. However, its mechanisms curbing tumorigenesis and affecting chemotherapy's impact on tumors re-
main not fully understood. Metabolic dysregulation and glycolysis inhibition likely govern cancer cell growth control 
and drug resistance. Immunosuppressants, such as sirolimus, are considered CR mimetics, boosting insulin sensitivity, 
oxygen use, and lipid profiles. Certain immunosuppressants, e.g., 2DG and resveratrol, safeguard normal cells from 
stress-induced mortality. CR-triggered ketone elevation might protect normal cells via ROS reduction. A desirable 
CR mimetic should lower blood glucose, insulin, and IGF-1, and elevate ketone bodies. Prolonged CR is cautioned 
against for cancer patients due to cachexia risks and potential chemotherapy dose reduction. Mimetic diets and aug-
mented platinum-based pemetrexed chemotherapy display potential efficacy for advanced disease. Restrictive diets 
impact cancer cell bioenergetics and metabolic pathways, lowering vital metabolites like glucose and amino acids 
(Brandhorst & Longo, 2016). 

SIRT5 and SIRT1 proteins link CR to cancer benefits, potentially via inhibiting the Warburg effect (Bring-
man-Rodenbarger, Guo, Lyssiotis, & Lombard, 2018; Lin & Fang, 2013). Pharmaceutical focus on CR mimetics aims 
to replicate its advantages without major food reduction. Sirolimus and related compounds show potential, enhancing 
insulin sensitivity and lipid profiles. CR mimetics combined with traditional anticancer drugs may reduce toxicity and 
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improve effectiveness (O'Flanagan, Smith, McDonell, & Hursting, 2017). Integrating CR with immunogenic cell 
death induction seeks robust anticancer immune responses. Metabolism's role in immune cell activity suggests CR's 
relevance. 
 
3.2.2 Fasting-Mimicking Diets 
 
Fasting-mimicking diets (FMD), comprising plant-based low-calorie, carbohydrate- and protein-restricted regimens, 
synergize with cytotoxic drugs in preclinical human cancer models, curbing cancer while safeguarding normal cells. 
FMD's anticancer effects stem from reduced blood glucose, insulin, and IGF-1. Preclinical data hint FMD boosts 
antitumor immunity by altering lymphocyte infiltration. Periodic FMD, more palatable than fasting, doesn't compro-
mise lean body mass (Brandhorst, 2021). Fasting mimicking diet (FMD) exploits metformin's potential in LKB1-
inactive lung adenocarcinoma, enhancing effects through nutrient deprivation. Clinical trials, like the FAME trial, 
explore combining metformin and FMD with chemotherapy to enhance progression-free survival (Brandhorst, 2021). 
 
3.2.3 The Mediterranean Diet 
 
The Mediterranean diet, characterized by its emphasis on whole foods, healthy fats, and plant-based ingredients, is 
thought to offer potential benefits for individuals undergoing chemotherapy and dealing with its associated side ef-
fects. While research continues, this dietary pattern shows promise in providing nutrient-rich foods that can support 
the immune system and overall health during chemotherapy. The diet's anti-inflammatory properties, thanks to com-
ponents like olive oil, nuts, and colorful fruits and vegetables, may help manage inflammation often associated with 
both cancer and chemotherapy side effects. Additionally, its focus on gut health, potential nausea relief from ingredi-
ents like ginger, and the inclusion of heart-healthy fats could contribute to mitigating side effects and maintaining 
overall well-being. Consultation with a healthcare professional or registered dietitian is essential to tailor the Medi-
terranean diet to individual needs and treatment regimens (Mentella, Scaldaferri, Ricci, Gasbarrini, & Miggiano, 
2019). 
 
3.3 Gut Microbiota 
 
Enhancing chemotherapy efficiency and mitigating side effects through the regulation of gut microbiota is an emerg-
ing area of research. One strategy involves incorporating prebiotics and probiotics into the diet. Prebiotics, found in 
foods like garlic, onions, and bananas, promote the growth of beneficial gut bacteria, while probiotics, present in 
yogurt and fermented foods, introduce live microorganisms that can improve gut microbial balance during chemo-
therapy. Including dietary fiber from whole grains, fruits, and vegetables can positively influence the gut microbiota 
composition as fiber serves as a food source for beneficial bacteria, helping them thrive and maintain a diverse micro-
biome (Ma et al., 2019). 

Polyphenol-rich foods such as berries, green tea, and dark chocolate may also have a positive impact on the 
gut microbiota and reduce inflammation caused by chemotherapy. These polyphenols possess antioxidant and anti-
inflammatory properties that can benefit gut health. However, it is crucial to avoid unnecessary antibiotic use as over-
use can disrupt the gut microbiota. Preserving the diversity and balance of gut bacteria is essential for overall gut 
health during chemotherapy (Kumar Singh et al., 2019). Additionally, fecal microbiota transplant (FMT), a novel 
procedure involving the transfer of fecal matter from a healthy donor to a patient's gut, is being explored for its poten-
tial to restore a balanced microbiota and improve gut health during chemotherapy. However, FMT is still in the ex-
perimental stage, and its long-term safety and efficacy require further investigation (Chen, Wu, Jin, Wang, & Cao, 
2019). 

Overall, staying hydrated and well-nourished during chemotherapy is vital for maintaining a healthy gut 
lining and supporting the growth of beneficial bacteria. It is recommended to avoid excessive consumption of added 
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sugars and processed foods, as diets high in these elements can negatively affect gut microbiota composition. Opting 
for whole, unprocessed foods can contribute to better gut health (Zhang et al., 2015). 
 
3.4 Adjuvant Therapy and Combined Therapy 
 
Combined therapy for lung cancer involves the use of multiple treatment modalities in a coordinated approach to 
achieve enhanced therapeutic outcomes. This approach aims to target cancer cells from different angles, potentially 
increasing effectiveness while minimizing resistance. Combined therapy for lung cancer patients offers numerous 
advantages by employing multiple treatment modalities in a coordinated approach. The benefits include increased 
treatment efficacy as different approaches target cancer cells from various angles, potential synergistic effects that 
enhance treatment outcomes, and the ability to overcome resistance that cancer cells may develop against single treat-
ments. Additionally, combining therapies can lead to reduced side effects by allowing lower individual treatment 
doses while maintaining effectiveness. Improved survival rates, personalized treatment options, prevention of recur-
rence, and better disease control contribute to enhanced quality of life for patients. The approach also maximizes 
therapeutic options, especially in addressing the complexities of lung cancer subtypes and mutations (Wu, Leng, Cun, 
Foged, & Yang, 2017). 

Adjuvant therapy for lung cancer is a treatment approach that involves administering additional therapy after 
the primary treatment. Adjuvant therapies play a pivotal role in enhancing the outcomes of chemotherapy for lung 
cancer by mitigating side effects and improving treatment efficacy. Among the various adjuvant strategies, one prom-
ising avenue is the utilization of natural molecules and dietary interventions as we discussed above. Compounds such 
as Quercetin have exhibited potential as adjuvants to chemotherapy, enhancing its effectiveness while simultaneously 
reducing toxic side effects on normal tissues. Targeted therapies can be integrated as adjuvants to chemotherapy, 
specifically tailored to the genetic profile of the tumor. This personalized approach holds promise for reducing off-
target effects and enhancing treatment selectivity. Immunotherapy, with its ability to harness the immune system to 
target cancer cells, may also serve as an adjuvant therapy to chemotherapy, potentially boosting the immune response 
and extending treatment benefits (Sangha, Price, & Butts, 2010). 

In conclusion, the landscape of adjuvant therapies for lung cancer chemotherapy is dynamic and multifaceted. 
The integration of natural molecules, dietary interventions, targeted therapies, immunotherapy, and microbiota mod-
ulation as adjuvant strategies could collectively contribute to improving the side effect profile of chemotherapy. As 
research advances, the potential to harness these adjuvant therapies to optimize lung cancer treatment outcomes and 
enhance patient well-being becomes increasingly promising. 
  

4.  Conclusions and Perspectives 
 
The multifaceted nature of lung cancer demands a comprehensive approach to treatment, and this discussion section 
seeks to synthesize and reflect upon the diverse themes explored throughout this paper. The central role of chemo-
therapy in lung cancer management has been established, providing a foundation for therapeutic intervention. How-
ever, the concomitant side effects associated with chemotherapy pose significant challenges to patient well-being. The 
investigation into measures aimed at alleviating chemotherapy side effects is a pressing and essential endeavor to 
enhance the overall chemotherapy process. 

Dietary interventions, particularly the Caloric restriction, fasting mimicking diet and Mediterranean diet, 
emerge as promising strategies to address chemotherapy-induced side effects and improve patient outcomes. The po-
tential synergy between the effects brought by diets and chemotherapy underscores the importance of holistic patient 
care. The exploration of combined therapies and adjuvant therapies further reinforce this principle, demonstrating the 
potential for improved treatment efficacy and the mitigation of drug resistance. The integration of targeted therapy, 
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immunotherapy, and dietary strategies with chemotherapy holds promise for achieving comprehensive responses and 
enhancing patient quality of life. 

The interplay between gut microbiota and chemotherapy outcomes introduces a novel dimension to lung 
cancer treatment. Modulating the gut microbiome presents a tantalizing avenue to influence treatment responses and 
potentially reduce toxicity. As research in this area matures, the prospect of tailored interventions that optimize chem-
otherapy efficacy gains prominence. 

In essence, this paper presents a comprehensive landscape of lung cancer treatment, weaving together diverse 
threads that collectively contribute to the improvement of chemotherapy. The integration of conventional therapies 
with innovative strategies, informed by the potential of natural molecules, dietary interventions, and gut microbiota 
modulation, underscores the necessity for a holistic paradigm shift in lung cancer care. As the field continues to evolve, 
translating these insights into meaningful clinical applications holds the promise of transforming the outlook for lung 
cancer patients, optimizing treatment responses, and ultimately enhancing their quality of life. 
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