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Background: To demonstrate whether a nutritional supplement enriched with arginine, nucleotides, omega-3 fatty acids, and extra virgin olive oil reduces postoperative complications in patients with tumors in the upper digestive tract.

Methods: A randomized, controlled, double-blind, multicenter clinical trial, in which a new immunomodulatory formula with extra virgin olive oil was compared with a standard isoprotein and isoenergetic formula. Patients with gastric, esophageal or biliopancreatic tumors were recruited to receive two units of immunomodulatory formula or control, 5 days before the surgical intervention.

Results: A total of 119 patients were recruited. There was a significant reduction in the number of reinterventions (7.7 vs. 20.4%; p = 0.044) in the intervention group. There was a significant reduction in the development of fistulas in patients with phase angles >5.7°. Also, there were fewer readmissions after biliopancreatic surgeries (0.0 vs. 100%; p = 0.014). The length of hospital stay was similar between groups; however, with the immunomodulatory formula, the patients exhibited greater phase angle at the end of follow-up.

Conclusion: The immunomodulatory formula with extra virgin olive oil administered 5 days before surgery for stomach, esophageal and biliopancreatic tumors improved cellular health and reduced postoperative complications.

Clinical trial registration: [https://clinicaltrials.gov/], identifier [NCT04027088].
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1 Introduction

Malnutrition, like sarcopenia, is a risk factor for complications, infections and increased mortality after surgery for cancer of the upper digestive tract. Preoperative malnutrition in these patients is prevalent, and preoperative symptoms, including poor appetite, early satiety, and vomiting are independently associated with an increased risk of complications, morbidity, and mortality (1–4).

Surgery is a common treatment for gastric and esophageal cancer, often combined with other therapies such as chemotherapy, radiation therapy, and endoscopic techniques. Postoperative complications in upper gastrointestinal cancer surgery are common, with rates varying from 23.2 to 62%, including infectious and mechanical complications (e.g., fistulas, dehiscence), hemorrhages, as well as damage to key organs. Such as heart, lung, liver and kidney (5). The main risk factors for developing postoperative complications include comorbidities (e.g., diabetes mellitus, obesity, peripheral arterial disease, chronic renal failure), as well as an ASA classification equal to or greater than three, an operation time greater than 180 min, performance of combined organ resections, or aged over 70 years (6).

Immunonutrition (IN) is a nutritional treatment focused on: (a) modulating the inflammatory response; (b) stimulating immune function; (c) supporting intestinal trophism; and (d) reducing postoperative morbidity (7). There are several nutrients with immunomodulatory functions. Arginine is a semi-essential amino acid involved in various biological processes, such as protein synthesis, immune function, and nitric oxide production. It also plays a part in metabolism, the urea cycle, and wound healing (8, 9). Nucleotides are molecules that function as components of DNA and RNA. They play roles in cellular energy metabolism and have a part in various biochemical processes. In addition, they modulate inflammation, improve immune function (such as the action of T lymphocytes and the production of immunoglobulins) and promote the mucosal barrier function (10). Finally, omega-3 fatty acids modulate inflammation and immune function by: inhibiting lymphocyte proliferation, the production of antibodies and cytokines, the expression of adhesion molecules and the activity of natural killer cells; and triggering apoptosis (11). In patients undergoing major gastrointestinal surgeries, IN with these components could reduce complications and shorten the length of hospital stay; however, some studies have obtained discrepant results. It is worth mentioning that there is a reduced number of studies with only preoperative management, and no previous studies have used extra virgin olive oil (EVOO) as an ingredient (12).

We designed a randomized, controlled, double-blind, multicenter clinical trial in order to assess whether a new nutritional supplement with immunonutrients (arginine, nucleotides and omega-3 fatty acids) and EVOO, used preoperatively, reduced complications after oncologic surgeries of the upper digestive tract. The main goal of the present study was to assess the differences in infectious and mechanical complications, by comparing a group treated with preoperative IN and another group with an equivalent formula in caloric-protein intake; however, without immunonutrients. The secondary goal was to determine the differences between groups regarding overall postoperative mortality, length of hospital stay, analytical parameters (nutritional and immunological), body composition, and the different complications.



2 Materials and methods


2.1 Study design

This is a clinical, randomized, double-blind, parallel, multicenter study, conducted from February 2019 to September 2023, registered in “Clinical Trials” under number NCT04027088. It was designed and conducted in accordance with the Declaration of Helsinki. The study protocol, the patient information leaflet, and the informed consent form were approved by the Autonomous Research Ethics Committee of Galicia on 22nd January 2019 under number 2018/548. All patients were informed about the conditions of participation in the study and agreed to participate after signing the informed consent forms.



2.2 Study population

Adult patients were recruited for the present study. They were well-nourished or exhibited disease-related malnutrition. They had a diagnosis of esophageal, stomach and/or pancreatic cancer at any stage, and were going to undergo surgery after evaluation by the tumor committee. Pregnant or lactating women, patients who suffered from advanced kidney disease (glomerular filtration rate < 25 mL/min/1.73 m2) or had an allergy or intolerance to any of the ingredients of the formulas under study or any contraindication to the use of enteral nutrition were excluded.



2.3 Clinical study

The patients included in the present study were randomized into two nutritional treatment groups based on nutritional formulas of different compositions. Randomization was carried out using a numerical table generated by the Epidat 3.1 program (Consellería de Sanidade, Xunta de Galicia, Spain; Pan American Health Organization (PAHO-WHO); University CES, Colombia.), following a 1:1 ratio. Each patient received a participant number that assigned them to a specific group and receive one nutritional formula or another. The distribution between groups followed a 1:1 ratio.

Two visits were performed, namely, V1 (initial, 1 week before surgery) and V2 (final, the day before surgery). Demographic data (sex and age) and clinical data (related to oncological diagnosis, antineoplastic treatment, and surgical treatment) were collected, and anthropometric and body composition measurements were performed in the two visits. In order to know the impact of nutritional supplementation at a clinical-surgical level, the data, collected from the medical records, were those related to: surgical complications that occurred during hospital admission (post-surgical fistulas, dehiscence, intra-abdominal abscesses, surgical wound infections, pancreatitis, extra-abdominal infections, deaths); surgical reinterventions; length of hospital stay; rate of hospital admissions; and emergency room attendances, during the 30 days after hospital discharge.



2.4 Nutritional treatment

The patients received two daily containers of the treatment under study or the control treatment during the 5 days prior to the surgical interventions.

Formulas under study (Table 1):

• Immunomodulator: Bi1 Procare® (Adventia Pharma): High-calorie and high-protein oral nutritional supplement, with fiber, EVOO, and the following immunonutrients: arginine; omega-3 fatty acids (eicosapentaenoic acid [EPA] and docosahexaenoic acid [DHA]); and nucleotides.

• Standard: Bi1 1.5 HP® (Adventia Pharma): standard polymeric high-calorie and high-protein oral nutritional supplement, without fiber, EVOO or immunonutrients.



TABLE 1 Composition of macronutrients and ingredients of the formulas per 100 mL.
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The nutritional formulas were provided in unlabeled Tetra Pak® containers (200 mL) that were exactly the same for both formulas. Each container had a numerical code as the only differentiation between both products. This way, the patients received the experimental supplement (IN) or the control formula. An assessment of the daily intake of nutritional supplements was performed using written records self-completed by the patients in order to determine adherence to the nutritional treatments (13).



2.5 Anthropometric study

Body weight and height were measured using a calibrated stadiometer and a scale with the patients wearing light clothing and no shoes. Body mass index (BMI) was calculated according to current weight and the percentage of weight lost from usual weight.



2.6 Body composition

Body composition was assessed using a single-frequency bioimpedance technique (50 kHz) obtaining the resistance, reactance, and phase angle values. Based on the aforementioned values, the appendicular skeletal muscle index, fat mass, and lean mass were obtained using the AKERN© measuring device (Akern S.L., Pisa, Italy). Bioimpedance was performed with the subject in a supine position on a non-conductive surface, with the limbs abducted at 45°. Fasting for more than 2 h was recommended, avoiding the intake of alcohol, coffee, caffeinated soft drinks, and chocolates in the previous 24 h, as well as vigorous exercise.



2.7 Functional status

Hand grip strength was measured using dynamometry. To that end, a JAMAR HAND® dynamometer was used taking measurements three times in each hand alternately and obtaining the average of these results. The diagnosis of malnutrition was made following the criteria of the Global Clinical Nutrition Community.



2.8 Biochemical analysis

Determinations of prealbumin, total cholesterol, CD4 and CD8 T lymphocytes, retinol-binding protein, and C-reactive protein were performed.



2.9 Statistical analysis

The calculation for the sample size was performed according to the results of Klek’s meta-analysis (14). Establishing a significant difference in complications (14%), with 95% confidence interval and a power of 80%, the number of patients obtained was 178, considering potential losses of 10%.

Categorical data are presented as percentages, and quantitative data as means (standard deviation). Normality of continuous quantitative data was confirmed using the Kolmogorov–Smirnov test. Categorical variables were compared using the chi-square test. Quantitative variables were compared with the Student’s t-test for independent samples (comparison between groups) and for related samples (comparison between visits). The correlations between continuous quantitative variables were assessed using Pearson test. The assessment of the frequency of complications was performed according to different subgroups, namely: sex; mean age; nutritional status; tumor diagnosis; previous neoadjuvant treatment; or mean phase angle. A multivariate analysis with linear regression was performed when it was necessary to adjust a variable. A p-value <0.05 was considered significant. The analysis of the results was performed using the BM SPSS Statistics 21 software.




3 Results


3.1 Characteristics of the patients

One hundred thirty-two patients were recruited for the present study. Of these patients, 65 finally received the immunomodulatory formula and 54 the control formula (Figure 1).

[image: Figure 1]

FIGURE 1
 Flowchart.


One hundred eleven patients (93.3%) completed the protocol, with no differences between the groups in the number of dropouts (IN 95.4% vs. control 90.7%; p = 0.314). The main characteristics of the patients are summarized in Table 2. Before the intervention, 56.6% of the patients in the intervention group received neoadjuvant therapy, and 43.8% in the control group (p = 0.251). The prevalence of malnutrition was 48.4% in patients who received IN, and 53.7% in those who received the control formula (p = 0.569). There were no differences between groups in the prevalence of malnutrition related to the stage 2 disease (21.9% vs. 27.8%; p = 0.746).



TABLE 2 Baseline characteristics of patients according to groups.
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3.2 Postsurgical complications

Of the 119 patients recruited, 59 exhibited some complication in the postoperative period, the most frequent being extra-abdominal infections (21%), dehiscence (7.6%), fistulas (4.2%), surgical wound infections (4.2%), intra-abdominal abscesses (3.2%), and pancreatitis (0.8%). In addition, 13.4% required being reintervened, 5% were readmitted within 30 days, 6.8% went to the emergency room, and only 2.5% died. The average length of hospital stay was 17.7 (19.3) days.

When the differences between treatment groups were assessed (Table 3), a trend toward a lower prevalence of extra-abdominal infections, dehiscence, fistulas, intra-abdominal infections, emergency care, and deaths was observed in the intervention group in comparison to the control group; although these differences did not reach statistical significance. With respect to the length of hospital stay, no statistically significant differences were observed between groups (p = 0.716). However, the intervention group stayed a lower number of days hospitalized (16.9 [16.9] days) in comparison to the control group (18.6 [21.9] days). It is worth mentioning that a significant reduction was observed in the number of reinterventions in the intervention group (IN 7.7% vs. control 20.4%; p = 0.044) (Figure 2).



TABLE 3 Frequency of complications after surgery according to the treatment group.
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FIGURE 2
 Frequency of reinterventions.


In the analysis by subgroup, the use of IN was associated with a lower frequency of reinterventions in men and in those patients with gastric and esophageal tumors, whereas in well-nourished patients, the result was on the limit of statistical significance. In patients with a phase angle above the mean, there was a significant reduction in the development of fistulas with the immuno-modulatory formula (Table 4). There were no differences between subgroups in terms of readmissions, emergency room visits or deaths (data not shown).



TABLE 4 Differences in the prevalence of complications between the subgroups age, sex, nutritional status, tumor diagnosis and neoadjuvant therapy.
[image: Table4]



3.3 Evolution of anthropometric parameters and body composition

Between the two study visits, there were significant reductions in weight, BMI and dynamometry in both groups, with no statistically significant differences between the intervention group and the control group. However, there were no changes in fat mass, BMI and appendicular skeletal muscle index (Table 5). A relevant result was observed in the phase angle after the nutritional intervention. Patients who received IN had greater phase angles than those in the control group (5.9 [0.9]° vs. 5.4 [0.8] °; p = 0.043) (Figure 3).



TABLE 5 Evolution of anthropometry and body composition.
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FIGURE 3
 Evaluation of the phase angle.




3.4 Evolution of analytical parameters

There were significant reductions in the levels of prealbumin, total cholesterol, and CD4 and CD8 T lymphocytes in the two groups of the study. On the other hand, retinol-binding protein levels were only reduced in the control group (Table 6). The CD4/CD8 ratio was significantly higher in the two visits in the group that received IN. After adjusting for the type of formula received and the initial ratio, no significant effect of treatment was observed on the final CD4/CD8 ratio (β = 1.02 [95% CI −101.3 to 103.3]; p = 0.984).



TABLE 6 Evolution of biochemical and immunological parameters.
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At the end of follow-up, a statistically significant correlation between phase angle, BMI, appendicular skeletal muscle index, lean mass index and dynamometry was evident in all patients. Analyzing by subgroups, the patients who had received the immunomodulatory formula presented a statistically significant correlation between this parameter and the number of CD4 and CD8 T lymphocytes, which was not found in the control group (Table 7).



TABLE 7 Correlation between the final phase angle and body composition and analytical parameters.
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4 Discussion

In the present study, the administration of an immunomodulatory formula with EVOO in patients with upper digestive tumors, 5 days before surgery, was associated with a lower frequency of surgical reinterventions. In some groups of patients, it was associated with reduced development of fistulas, and fewer readmissions. Phase angle improved with IN, and this improvement was correlated with immunological and body composition parameters.

On an overall basis, the use of IN produced benefits reducing postsurgical complications. Thus, in a meta-analysis of 27 clinical trials, it was found that IN reduced infectious complications. The reduction in these complications was greater in the perioperative regimen (54%) than in the preoperative (42%) or postoperative (37%) regimens. Furthermore, perioperative and postoperative IN were associated with shorter length of hospital stay, and only perioperative IN was able to reduce non-infectious complications (15). Another meta-analysis of 61 randomized trials conducted with patients undergoing surgery for different upper digestive and head and neck tumors found that perioperative IN promoted a reduction in infectious complications and length of hospital stay, without a decrease in mortality (16). In the meta-analyses conducted by Cerantola et al. and Niu et al., perioperative IN reduced the occurrence of total and infectious complications, as well as the length of hospital stay. On the other hand, perioperative IN further reduced total complications, and postoperative IN further reduced infectious complications (17, 18).

Although the perioperative administration of IN seems to be the most beneficial regimen to reduce complications in surgeries for digestive tract cancer, we decided to perform an exclusive preoperative approach with IN administered 5 days before the surgical interventions. A previous meta-analysis had indicated that a minimum of 5 days of IN was capable of reducing infectious complications by 48% and length of hospital stay by 1.5 days (19). Regarding the time of nutritional treatment, it was chosen to administer it preoperatively with the goal that the patients came to surgery with a better nutritional and immune status; however, it was not continued in the postoperative period because patient management was more heterogeneous between centers.

When the focus was determining the type of tumor in which IN would be most effective, the study conducted by Shen found the best results in colorectal surgery, although benefits have also been found in other gastric and pancreatic tumors (17, 20, 21). With respect to esophageal surgery, there are slightly more heterogeneous results (22–24). In the present study, the improvement in the rate of surgical reinterventions was consistent in the two major groups of tumors included, i.e., gastric and esophageal, supporting the evidence of the benefit caused by IN in both groups of patients.

In our study, no significant changes were observed in the levels of CD4 and CD8 T lymphocytes after the intervention. This result is different to the results obtained in previous studies. Surgical aggression produces reductions in the populations of these lymphocytes and increases in the expression of pro-inflammatory cytokines. Most studies have indicated better recovery of cellular immunity and attenuation of the inflammatory response with the pre-or perioperative administration of an immunomodulatory formula. However, in the present study, the evolution of these parameters after the interventions was not assessed (25, 26). The CD4/CD8 ratio, an indirect marker of immune function, was similar in both groups both before and after the nutritional intervention. This ratio is considered decreased when it is less than 1.38. In our study, the levels found were above that value, which could indicate that the recruited patients did not exhibit significant immunosuppression and, therefore, explain why a significant effect on complications was not observed (27). The formulas have different content of fiber. Dietary fiber could have an immunomodulatory effect through several mechanisms, including the modulation of gut microflora, production of short chain fatty acids, and direct interactions with immune cells. These effects can influence both innate and adaptive immune responses and may vary depending on the type of fiber and its source. The studied formula contained fructooligosaccharides (FOS), which supplementation can enhance immune function by increasing immunoglobulin A concentrations in gut and serum. Nevertheless, there were no differences in the infection rates between groups (28).

A relevant fact of the present study is that the use of IN was associated with greater phase angle at the end of follow-up, and only in patients who had received IN. This bioelectric parameter was positively correlated with the number of total lymphocytes and subpopulations of CD4 and CD8. As a gross variable derived from bioelectrical impedance analysis, phase angle reflects the relationship between resistance and reactance, and is, therefore, an indicator of the health and integrity of the cell membrane. Higher values reflect better cellular function, greater muscle mass and lower fat mass, as well as better distribution of body water. Phase angle is an independent predictor of deterioration in nutritional and functional status and survival (29, 30). There is evidence that the phase angle is negatively correlated with proinflammatory molecules such as CRP, TNF-α, interleukin-6 and interleukin-10, both in healthy people and in chronic disease situations. Some data also point to the relationship between the phase angle and markers of oxidative stress and antioxidant intake (31, 32). In patients undergoing surgery for head and neck cancer, the use for 8 days of an immunomodulatory formula, with a composition similar to that used in the present study, produced a significant increase in the phase angle (33). The results obtained in the present study indicated a relationship between phase angle and immune function, and the potential usefulness to detect early changes in inflammation.

Among the strengths of the study, it is worth highlighting its robust design in the form of a double-blind clinical trial, in which a control formula was used with the same calorie and protein intake as the study formula. This design allowed us to differentiate the effects of immunonutrients from the nutritional contribution of a standard formula. For the diagnosis of malnutrition, the Global Leadership Initiative on Malnutrition criteria were used, when previous studies used more non-specific malnutrition criteria such as percentage of weight loss, BMI or hypoalbuminemia. Furthermore, the use of single-frequency bioimpedance to estimate body composition and be able to assess parameters such as phase angle has been uncommon in studies conducted with IN.

Regarding the weaknesses of the study, it should be noted that the planned sample size was not reached due to the COVID-19 epidemic, which reduced the power of the study. This fact, together with the low frequency of complications, has limited the possibility of finding more statistically significant results. The five-day intervention proposed in the present study was satisfactory to find clinical and phase angle benefits. It is possible to hypothesize whether a nutritional intervention performed for a longer period of time or that includes the postoperative period could result in better clinical, immunological or body composition results.



5 Conclusion

The use of a new immunomodulatory formula enriched with arginine, nucleotides, n-3 fatty acids, and whose main source of fat was EVOO, for 5 days before surgical treatment of gastric, esophageal or biliopancreatic tumors significantly reduced the number of reinterventions. The benefits of the immunomodulatory formula can be also expected in patients with a good nutritional status.

The phase angle improved with IN and could be related to an improvement in cellular health and immune function. The results of the present study reinforce the role of IN in modifying the prognosis of patients treated with oncological surgeries, even in a short period of nutritional intervention before surgeries. The potential benefits of a longer preoperative intervention or one that includes the postoperative period could be the subject of future studies.
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