

[image: image1]
Effects of omega-3 fatty acid supplementation on nutritional status and inflammatory response in patients with stage II-III NSCLC undergoing postoperative chemotherapy: a double-blind randomized controlled trial
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Background: The primary objective of this study was to investigate the effects of oral omega-3 fatty acids in lowering the risk of malnutrition and improving the inflammatory response in patients with stage II-III lung cancer receiving postoperative chemotherapy.

Methods: One hundred and three lung cancer patients identified as being at risk for malnutrition according to the 2002 nutritional risk screening criteria were randomized into either the omega-3 fatty acid supplementation group or the placebo group during postoperative chemotherapy. Data on anthropometric parameters, laboratory nutritional indicators, and inflammatory markers were collected, and changes and differences between the two groups were compared and analyzed.

Results: Sixty three patients were included in the final analysis. The baseline information of the two groups of patients was comparable (p > 0.05). After 12 weeks, patients in the treatment group exhibited significantly higher levels of hemoglobin (11.26 ± 1.25 vs.10.60 ± 0.94, p = 0.021) and serum albumin (45.38 ± 5.06 vs.42.66 ± 5.06, p = 0.036) compared with those in the placebo group. Meanwhile, the levels of inflammatory factors C-reactive protein (2.16 ± 1.06 vs. 4.11 ± 1.72, p < 0.001), interleukin-1 (6.61 ± 2.19 vs.10.85 ± 3.61, p < 0.001), interleukin-6 (2.48 ± 1.20 vs. 4.53 ± 0.98, p < 0.001), interleukin-8 (9.26 ± 2.69 vs. 39.01 ± 6.53, p < 0.001), and tumor necrosis factor-α (1.88 ± 0.60 vs. 4.07 ± 0.97, p < 0.001) were significantly decreased in the treatment group. In contrast, differences in weight, BMI, upper arm circumference, triceps skinfold thickness, triglycerides, cholesterol, and IFN-γ between the two groups were not statistically significant (p > 0.05). Finally, in the treatment group, the levels of hemoglobin (10.89 ± 1.15 vs. 11.82 ± 1.21, p = 0.042), triglyceride (0.92 ± 0.29 vs. 1.03 ± 0.22, p = 0.043), and cholesterol (3.56 ± 0.82 vs. 4.23 ± 0.88, p = 0.045) were higher in stage II patients after the intervention compared with stage III patients.

Conclusion: Supplementation with omega-3 fatty acids improved nutritional status and reduced chronic inflammatory responses in patients with stage II-III non-small cell lung cancer undergoing postoperative chemotherapy.

Clinical Trial Registration: AEA RCT Registry, identifier AEARCTR-0007165.
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Introduction

As is well documented, lung cancer remains the leading cause of cancer-related deaths worldwide. According to GLOBOCAN statistics on cancer in 185 countries in 2020 (1), approximately 1.8 million individuals are estimated to die annually from lung cancer, accounting for 18% of the total cancer mortality. Its occurrence is closely related to smoking, air pollution, occupational exposure, and environmental factors (2–4). Surgical-based multimodal treatment is recommended for all patients eligible for surgery after a comprehensive evaluation. Meanwhile, postoperative adjuvant chemotherapy assists in eliminating postoperative residual cancer cells, thereby minimizing the risk of postoperative recurrence and improving patients’ postoperative survival time (5, 6).

However, postoperative chemotherapy is prone to cause adverse reactions such as nausea, vomiting, diarrhea, anorexia, neutropenia, and thrombocytopenia. Additionally, a proportion of patients manifest a deterioration in nutritional status, leading to decreased immune function, a higher risk of infection-related complications, and eventually cancer-related fatigue (7). These effects can have detrimental impacts on the physical, psychological, familial, and social well-being of patients. Consequently, enhancing the physical condition of postoperative patients has been the spotlight of the field of oncology.

Omega-3 polyunsaturated fatty acids (ω-3 PUFA), also referred to as n-3 PUFA, are fundamental components of a healthy human diet and encompass a-linolenic acid (ALA), eicosapentaenoic acid (EPA), docosahexaenoic acid (DHA), and docosapentaenoic acid (DPA) (8). ALA is an essential fatty acid found mainly in plant oils. DPA is a vital intermediate product aiding in the conversion of ALA into EPA and DHA, yet the human body is unable to efficiently synthesize it owing to the low activity of enzymes involved in its conversion, resulting in a drastic limitation of its conversion capacity (9). Earlier studies have reported that ω-3 PUFA supplementation can increase skeletal muscle mass, modulate inflammatory responses, reduce the risk of gastrointestinal reactions, attenuate anorexia, improve the prognosis of cancer patients, and confer tolerance to chemotherapy, radiotherapy, and surgery in patients with non-small cell lung cancer (NSCLC), thus prolonging their survival time (10–14).

Numerous studies have extensively studied and established the anti-inflammatory and immunomodulatory benefits of ω-3 PUFA in cancer patients (15–18). Nevertheless, studies on its effect on lung cancer patients at risk of malnutrition receiving postoperative chemotherapy are scarce. Furthermore, clinical studies have reported that the influence of ω-3 PUFA on cancer progression and nutritional status is controversial (19). Therefore, this study aimed to investigate the effect of ω-3 PUFA on the nutritional status and inflammatory response of postoperative NSCLC patients receiving chemotherapy.



Materials and methods


Study design

This was a double-blind, randomized, placebo-controlled trial. One hundred and three patients who attended the Department of Thoracic Surgery of Lu’an Hospital, Anhui Medical University, from May 2021 to December 2022 and were diagnosed with NSCLC by postoperative pathological biopsies were recruited. Nutritional risk Screening 2002 (NRS-2002) was used to assess the clinical nutritional risk of each patient before surgery, and this scoring scale was used to identify the malnutrition of patients. These patients were randomized to either the ω-3 PUFA supplementation group or the placebo group. This study was approved by the Ethics Committee of the Affiliated Lu’an Hospital of Anhui Medical University (approval number: 2021LL009) and conformed to the Declaration of Helsinki, and all patients were fully informed and signed the informed consent form.



Inclusion criteria

Patients preoperatively assessed for surgical intervention, with an NRS-2002 score equal to or greater than 3 points (risk of malnutrition), histopathology-confirmed postoperative stage II-III NSCLC, postoperative assessment of life expectancy exceeding 3 months, and consent to continue with postoperative adjuvant chemotherapy.



Exclusion criteria

Refusal to continue chemotherapy after surgery or intolerance to chemotherapy; intolerance to fish or fish oil preparations; poorly controlled cardiovascular and renal diseases, diabetes, gastrointestinal disease, and severe infections; refusal to participate in the randomized trial; incomplete information during the study.



Intervention

Eligible patients were randomized by the clinical secretary according to a randomized list into two groups: The ω-3 PUFA supplementation group (treatment group) and placebo group. The treatment group received ω-3 polyunsaturated fatty acid gel capsules (1.6 g EPA/day and 0.8 g DHA/ day, no other additives or antioxidants), while the placebo capsules consisted of sunflower oil (2.4 g/day). The shape, size, and mass of the gel capsules were identical, and both investigators and patients were blinded to group assignment. The start of the intervention was 1 week postoperatively when there were no obvious complications, and they were instructed to take it before meals at a fixed time every day. A return form was distributed to record daily medication and adverse events and retrieved at each visit to the hospital for chemotherapy. Patients were encouraged to report perceived adverse events to the investigator by telephone or other means. The choice of chemotherapy regimen was based on the postoperative pathological type, chemotherapeutic drug sensitivity report and body surface area. All patients strictly adhered to the standard cancer treatment protocols.



Assessment method

Anthropometric measurements reflect nutritional status, comprising weight, height, and body mass index (BMI). Patient body weight was measured under fasting conditions in the morning, without shoes, while wearing the same patient uniform. The right mid-arm circumference was also recorded. Triceps skinfold thickness was measured using a Harpenden caliper. Nutrition-related laboratory indicators were routinely tested by the clinical laboratory of the hospital. Among them, hemoglobin was determined by optical absorption, albumin was determined by turbidimetry, and triglycerides and cholesterol were determined by enzymatic methods. The levels of inflammatory markers [C-reactive protein (CRP), tumor necrosis factor-α (TNF-α), interleukin-1(IL-1), interleukin-6(IL-6), interleukin-8 (IL-8), and interferon-γ (IFN-γ)] were measured by mature ELISA kits. Specifically, CRP levels were determined using a Human High Sensitivity ELISA Kit (Anisan™, Tehran, Iran), whilst serum TNF-α, IL-1, IL-6, IL-8, and IFN-γ levels were measured using a human cytokine-specific ELISA kit (Biosource Europe, Belgium). These kits have been widely used in multiple studies and experiments, and their performance and stability have been thoroughly validated.



Statistical analysis

Statistical analyses were conducted using SPSS version 22.0 for Windows (SPSS Inc., Chicago, IL, United States). The Shapiro–Wilk method was used to assess data normality. Measurement data were expressed as mean ± standard deviation (Mean ± SD), and independent samples t-test was used to compare the means of two consecutive normally distributed variables. The Mann–Whitney U test was employed to compare the means of two groups of non-normally distributed variables. The Pearson χ2-test was used to compare the proportions of two variables. The hypothesis test level was set to α = 0.05 and was considered statistically significant at p < 0.05.




Results

This trial initially enrolled 103 patients, of whom 12 did not meet the inclusion criteria for this trial, 7 declined to participate, and 2 requested direct inclusion in the treatment group and declined random assignment based on clinical data and eligibility criteria. Based on a computerized random assignment list, 82 patients were randomly assigned to the treatment and placebo groups. After 12 weeks of intervention, patient follow-up results were recorded. In the treatment group, 5 patients were excluded due to poor adherence, and 6 additional patients who refused to participate in follow-up visits were also excluded. In the placebo group, five patients refused to participate in follow-up visits, and three were excluded owing to poor adherence to medications. Finally, 63 subjects were enrolled (Figure 1). The treatment group (n = 30) consisted of 18 males (60%) and 12 females (40%) with a mean age of (62.50 ± 4.88) years. Similarly, there were 20 males (60.6%) and 13 females (39.4%) in the placebo group (n = 33) with a mean age of (61.81 ± 7.15) years. The baseline demographics and clinical characteristics of enrolled participants were comparable (Table 1). Adverse reactions during chemotherapy in the two groups were found to be gastrointestinal symptoms (Treatment group, n = 18 vs. Placebo group, n = 21, p = 0.885), Blood system symptoms (Treatment group, n = 5 vs. Placebo group, n = 7, p = 0.646), other symptoms such as rash, insomnia, etc. (Treatment group, n = 2 vs. Placebo group, n = 3, p = 0.913). After 12 weeks of intervention, there were no statistical differences in anthropometric parameters between the two groups, including weight, BMI, upper arm circumference, and triceps skinfold thickness (Table 2). Among the nutrition-based laboratory indicators, hemoglobin (11.26 ± 1.25 vs. 10.60 ± 0.94), serum albumin (45.38 ± 5.06 vs. 42.66 ± 5.06), and the change of serum albumin before and after intervention (4.50 ± 6.34 vs. 0.32 ± 5.58) were significantly different between the two groups (p < 0.05). There was no significant difference in triglycerides and cholesterol levels after the intervention. However, there were significant differences in the changes of triglyceride and cholesterol before and after intervention between the two groups (p < 0.05).
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FIGURE 1
 Consolidated standards of reporting trials (CONSORT) diagram. A patient flow diagram is shown.




TABLE 1 Baseline characteristics of participants.
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TABLE 2 Nutritional status and blood biochemical indices of patients in treatment group and placebo group.
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Analyzing the results of inflammatory factor assays exposed that after the intervention, the levels of CRP and TNF-α were significantly lower in the treatment group compared with those in the placebo group (2.16 ± 1.06 vs. 4.11 ± 1.72, p < 0.001 and 1.88 ± 0.60 vs. 4.07 ± 0.97, p < 0.001). Likewise, the levels of IL-1, IL-6, and IL-8 were also significantly lower in the treatment group than those in the placebo group (6.61 ± 2.19 vs.10.85 ± 3.61, 2.48 ± 1.20 vs. 4.53 ± 0.98, and 9.26 ± 2.69 vs. 39.01 ± 6.53, respectively, p < 0.001). We found statistically significant differences between the two groups when comparing the differences in changes in CRP, IL-1, IL-6, IL-8, and TNF-α before and after the intervention (p < 0.05). Moreover, the level of IFN-γ was numerically lower in the treatment group than that in the placebo group (9.22 ± 2.86 vs. 10.50 ± 3.34), but the difference was not statistically significant (p = 0.099) (Table 3).



TABLE 3 Inflammatory factors of patients in treatment group and placebo group.
[image: Table3]

Comparing post-treatment laboratory parameters in patients with stage II (n = 18) and stage III (n = 12) NSCLC in the treatment group uncovered that the levels of hemoglobin (11.82 ± 1.21 vs. 10.89 ± 1.15, p = 0.042), triglycerides (1.03 ± 0.22 vs. 0.92 ± 0.29, p = 0.044) and cholesterol (4.23 ± 0.88 vs. 3.56 ± 0.82, p = 0.045) were significantly elevated in patients with stage III NSCLC compared to those with stage II NSCLC. The anthropometric indices and inflammatory factor levels were similar between stage II and III patients, and only the change in IFN-γ before and after the intervention was statistically different between the two stages (p < 0.05) (Table 4).



TABLE 4 Anthropometric parameters, nutritional indicators and inflammatory factors in patients with stage II and III NSCLC in the treatment group.
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Discussion

In the multimodal treatment of lung cancer, patients undergoing postoperative chemotherapy have garnered extensive attention. This randomized controlled trial investigated the influence of oral ω-3 PUFA in reducing the risk of malnutrition and the levels of inflammatory biomarkers in patients with stage II-III NSCLC undergoing postoperative adjuvant chemotherapy. Differences in metrics between the two randomly assigned groups suggested that supplementation of ω-3 PUFA during the early postoperative period lowered the risk of malnutrition in patients while alleviating the inflammatory response during chemotherapy.

Several studies have described that ω-3 PUFA results in beneficial health outcomes in various fields of medicine (20–23). Evidence from in vitro trials, studies utilizing animal experimental models, and epidemiological analyses advocate the use of ω-3 PUFA for multi-targeted tumor therapy, which has consistently yielded comparable results in clinical trials (24). Nonetheless, the mechanism by which ω-3 PUFA inhibits tumor progression has not been elucidated so far. ω-3 PUFA is hypothesized to regulate cell replication during proliferation and differentiation, interfere with cell cycle, and disrupt cell growth via the modulation of apoptosis and necrosis in tumor cells (25, 26). In addition, ω-3 PUFA can act through mechanisms such as inhibition of arachidonic acid derivatives, interference with oxygen radicals, and reactive oxygen species production (27, 28), all of which are based on the action of EPA and DHA. In a double-blind trial, Van der Meij et al. administered n-3 PUFA to non-surgically treated NSCLC patients while the other group received an isocaloric control supplement and evinced that EPA 2.02 + DHA 0.92 g positively enhanced not only physical activity but also the overall prognosis of NSCLC patients (29). Additional trials are warranted on the dose–response relationship of ω-3 PUFA, considering that the influence of its individual components on quality of life is elusive. According to previous studies, (19, 30–32) the administration of oral ω-3 PUFA (EPA1.6 g/day+ DHA 0.8 g/day) is safe and effective, in line with the findings of our previous study (33).

Patients undergoing post-operative chemotherapy frequently suffer from nausea, anorexia, anxiety, and even transient weight loss during the early stage. Indeed, any form of cancer treatment demands increased protein and energy support. Albumin is a good indicator to directly reflect the nutritional status of patients. The normal synthesis and maintenance of hemoglobin, a protein found in red blood cells, requires a variety of nutrients, including iron, vitamin B12, folate, protein, and vitamin C. Poor nutrition and an unbalanced diet can both lead to insufficient hemoglobin synthesis, which can cause anemia. Maintaining adequate nutrient intake is essential for maintaining healthy hemoglobin levels. In a study carried out by Kaya et al., tumor patients had significantly lower postoperative serum albumin levels compared to their preoperative levels, whereas patients on an ω-3 PUFA-enriched diet experienced a dramatic reduction in albumin loss, indicating that ω-3 PUFA contributed to the nutritional recovery of postoperative patients (34). This conclusion is in agreement with our current research results that ω-3 PUFA supplementation improves the nutritional status of postoperative patients. Specifically, significant differences in hemoglobin and serum albumin levels were observed in patients after 12 weeks of oral ω-3 PUFA supplementation compared to those in the placebo group. In contrast, despite increasing, anthropometric parameters of patients taking oral sunflower oil were comparable to baseline levels. This may be ascribed to differences in the included population and the duration of the study. Murphy et al. uncovered an interaction between plasma n-3 PUFA levels and the rate of skeletal muscle change in NSCLC patients during chemotherapy (2.5 months) sessions and pointed out that the accelerated rate of muscle loss in patients with concurrent sarcopenia was closely related to plasma n-3 PUFA deficiency (35). However, the majority of studies have used the change in values from clinical trials as the study endpoint and have provided elaboration or hypotheses on the mechanism.

Inflammation is an important marker of cancer, and many studies have identified chronic inflammation as correlated with a poor prognosis (36, 37). Cytokines such as IL-1, IL-6, IL-8, TNF-α, and IFN-γ play a role in promoting inflammation in the inflammatory response. When the body is exposed to infection, injury, or other inflammatory stimuli, these cytokines are released by immune cells, initiating the inflammatory process. They cause vasodilation, increase blood flow, and attract immune cells such as white blood cells to damaged areas to fight potential pathogens or repair tissue damage. A prospective randomized controlled study conducted by Liang et al. included 42 patients who underwent radical colorectal cancer surgery and received either soybean oil supplementation (SO group) or a combination of ω-3 PUFA and soybean oil (FO group) as total parenteral nutrition post-surgery and found that IL-6 and TNF-α levels were lower in patients in the FO group than those in the SO group during the early postoperative period (38). Weiss et al. also observed a significant decrease in IL-6 levels in perioperative patients following fish oil intervention, as well as a corresponding decrease in TNF-α released by monocytes (39). Consistent with our results, there was a significant decrease in the level of both IL-6 and TNF-α in patients taking ω-3 PUFA after a 12-week dosing intervention. Compared to the study by Weiss et al., our study focused on the effect of ω-3 PUFA in chemotherapy-induced chronic inflammation, given that acute inflammatory responses in the perioperative period may be influenced by confounding factors such as the duration of surgery, antibiotic use, and the resolution of complications.

CRP is regarded as a classical inflammatory biomarker in oncology studies (40, 41), and its level is correlated with malignant progression and treatment-associated complications in lung cancer patients (42, 43). TNF-α also participates in the development of malignancies as an endogenous tumor-promoting factor. A meta-analysis established that expression levels of inflammatory factors such as CRP, TNF-α, and IL-6 in adults administered n-3 PUFA were significantly low; consequently, n-3 PUFA could be considered and recommended as an adjuvant anti-inflammatory agent (44). In a clinical trial including 64 oncology patients, significant differences in TNF-α, IL-1β, IL-6, and IFN-γ levels were detected in patients supplemented with EPA 2.0 g per day, but ω-3 PUFA did not significantly lower CRP levels compared to the control group (45). This result differs from our results, wherein significant changes in the levels of inflammatory factors were identified in patients in the treatment group, with the exception of IFN-γ (p = 0.099). We hypothesize that this discrepancy may be attributed to the limited sample size in the current study and the varying levels of serum IFN-γ in patients with tumors originating from different sites.

In addition to this, in this investigation, we compared the corresponding changes in study outcomes in the treatment group for NSCLC before and after the administration of the drug for different periods. The level of hemoglobin and triglycerides did not differ in the treatment group before the intervention, while statistical differences appeared after 12 weeks of intervention, indicating that ω-3 PUFA was more effective than stage II patients in promoting a positive shift in nutritional risk in stage III NSCLC patients, while in terms of anti-inflammatory effects, ω-3 PUFA did not show a particular advantage for stage III patients. Because of the difference between the baseline values of cholesterol before intervention in the two stages of patients, although the prognosis has changed significantly, the role of cholesterol still needs further clinical research. Van der Meij also found that n-3 PUFA exerted an anti-inflammatory effect in patients with stage III NSCLC receiving multimodal therapy (29), although no within-group comparisons were made between stage IIIa and IIIb patients. Some limitations of our study should also be acknowledged. For instance, the possibility of sampling error and bias due to the small sample size of stage II and III patients cannot be excluded.

An innovative randomized controlled trial was conducted to prospectively explore the relationship between ω-3 PUFA, malnutrition, and inflammatory factors in a specific population. We postulate that ω-3 PUFA may serve as an adjuvant therapy for patients undergoing chemotherapy after lung cancer surgery. However, this study exclusively included patients at nutritional risk, ultimately resulting in a small sample size. Furthermore, the results may not be representative of a broader population, and the study possesses inherent limitations typical of trials of this nature. In addition, this study did not include a dose-escalation test of ω-3 PUFA and did not examine the dose–response effect on patients. Nonetheless, the results of this trial provide compelling evidence for the beneficial effects of ω-3 PUFA in NSCLC patients undergoing postoperative chemotherapy.



Conclusion

ω-3 PUFA supplementation during postoperative adjuvant chemotherapy may enhance their nutritional status while mitigating inflammatory responses in patients at nutritional risk diagnosed with stage II-III NSCLC.
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