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Abstract

:

Oncological patients show intense catabolic activity, as well as a susceptibility to higher nutritional risk and clinical complications. Thus, tools are used for monitoring prognosis. Our objective was to analyze the nutrition prognosis of patients who underwent radiotherapy, correlating it with outcomes and complications. We performed a retrospective transversal study based on secondary data from hospital records of patients who started radiotherapy between July 2022 and July 2023. We established Prognostic Scores through a combination of Prognostic Nutritional Index (PNI) and a Subjective Global Assessment (SGA), assessed at the beginning and end of treatment. Score 3 patients, with PNI ≤ 45.56 and an SGA outcome of malnutrition, initially presented a higher occurrence of odynophagia, later also being indicative of reduced diet volume, treatment interruption, and dysphagia. SGA alone showed sensitivity to altered diet volume, dysphagia, and xerostomia in the second assessment. Besides this, PNI ≤ 45.56 also indicated the use of alternative feeding routes, treatment interruption, and hospital discharge with more complications. We conclude that the scores could be used to indicate complications; however, further studies on combined biomarkers are necessary.
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1. Introduction


Cancer is a disease characterized by the disordinate and uncontrollable multiplication of cells with mutated DNA [1]. It is considered a severe public health problem [2], with estimates for 2050 of 35.3 million cases of cancer worldwide and a mortality rate of 18.5 million people [3]. Individuals with cancer naturally show a weakened nutritional state due to the greater energy expenditure they display in response to the metabolic stress they suffer [1]. This factor is exacerbated when it comes to cancers of the head and neck (HNC) and gastrointestinal tract (GIT), and is strongly related to nutritional risk factors, since the process of chewing, swallowing, digesting, and absorbing nutrients is compromised [4,5,6]. In 2022, there was an incidence of more than 4.3 million cases of cancer of the GIT and HNC varieties worldwide, resulting in more than 2.4 million deaths [7].



In addition to the deleterious effects of cancer, treatment therapies, such as radiotherapy, can lead to clinical and metabolic changes such as nausea, vomiting, diarrhea, odynophagia, and dysphagia, contributing to a reduction in the amount of energy ingested, which further compromises the nutritional status of patients [8,9]. Malnourishment has a direct impact on the progression of the disease, with patients tending to present greater toxicities and a shorter tolerance time to treatment, which culminates in a lower therapeutic response, as well as a worsening quality of life and reduced survival rate [9,10]; thus, malnutrition in cancer patients is a common and serious concern, which significantly reduces the prognosis of patients [10].



As malnutrition is a common complication in cancer patients and often accelerates the progression of the disease, affecting treatment outcomes [11], studies have been carried out on pre-surgical patients with the associated application of nutritional assessment models to identify clinical and nutritional prognosis, such as the Patient-Generated Subjective Global Assessment (PG-SGA), and predictors of complications have been elaborated based on laboratory tests, such as the Prognosis Nutritional Index (PNI) [4,12,13,14,15]. On the other hand, there is a gap in the literature on studies involving this investigation, with the application of indices for assessing nutritional status and prognosis, as well as a lack of studies on patients undergoing non-surgical treatment, such as radiotherapy, which has a strong impact on nutritional status and can generate complications and/or worsen clinical conditions [16].



Considering this situation, it will be informative to analyze the prognoses of patients submitted for radiotherapy in a university hospital based on the markers PNI and PG-SGA, in association with (or isolated from) a bad nutritional status, in order to determine its relation to complications in the treatment. Thus, in addition to the studies already undertaken, it is possible to in this way identify nutritional risk and anticipate development complications, allowing early nutritional intervention and multi-professional management, effective before beginning treatment and throughout, assuring better clinical and nutritional recovery.




2. Materials and Methods


2.1. Study Design


We undertook a transversal retrospective study, surveying data from records of cancer patients who started treatment at the Radiotherapy Unit of the University Hospital Maria Aparecida Pedrossian (UFMS), Campo Grande (MS), Brazil, from July 2022 to July 2023.




2.2. Sampling


Sampling was undertaken by consulting the electronic medical records of patients 18 years of age or more, of both genders, who started treatment for cancer in the gastrointestinal tract (GIT) and head and neck (HN) regions, including accessory glands and other compartments that interfere with the digestive system (tonsils, larynx, trachea) in the radiotherapy outpatient unit of Humap, UFMS, Brazil (Figure 1).



We excluded records of patients who we could not contact or who did not consent to the use of their data, as well as teenagers who had started treatment in the sampling period and those affected by tumors in other areas than those specified.



The project was approved by the Ethics Committee in Research with Human Beings of the Fundação Universidade Federal do Mato Grosso do Sul (UFMS), under the CAAE number 60894522.8.0000.0021 and assent register 5.570.138.




2.3. Tools and Procedures of Data Collection


We analyzed the medical records of patients, obtaining information about age, gender, cancer site, number of radiotherapy sessions carried out, and the absorbed ionizing radiation dose, programmed in gray (Gy). A stratification of the number of treatment sessions carried out was established, considering the data collected, which ranged from 10 to 35 sessions (  containing   3 classifications: less than or equal to 20 sessions, 21 to 29 sessions, and greater than or equal to 30 sessions). In relation to the radiation dose, we considered that the radiation received ranged from 30 to 70 Gy, with daily doses of 1.5 to 3 Gy/day 5 times a week, and the average dose received was 55.9 Gy. Along with the dose values used in other studies [17,18,19,20], a radiation dose cut-off point of 60 Gy was established.



Furthermore, information was sought on the patient’s weight, or anthropometry, as well as the percentage of weight loss during treatment and the nutritional diagnosis using the Patient-Generated Subjective Global Assessment (PG-SGA), developed specifically for cancer patients [21,22]. In addition, serum albumin and total lymphocyte values were collected for application in the Prognostic Nutritional Index (PNI), according to Onodera [23]. The ideal cut-off point for PNI was 45.56, obtained using the Characteristic Receptor Operation Curve (ROC), based on the results of the PNI and SGA.


  PNI =  (  10   ×    serum   albumin   )  +  (  0.005   ×    total   count   of   lymphocytes   )   











We developed a punctuation score that compiled prognostic markers from both PNI and SGA, as presented in Table 1. We applied the prognostic tests at the start and end of treatment, according to the availability of laboratory test and SGA equipment, corresponding to the first and second assessments.



Finally, we identified the primary outcomes for patients, aside from the occurrence of complications throughout the treatment, as alterations in diet consistency, alterations in ingested volume, the change of feeding to an alternative route, hospital admission, and treatment interruption (with a suspension of more than 3 days being considered pertinent for the study), with consideration of the findings in the literature [24,25]. In addition, the development of mucositis, dermatitis, dysphagia, odynophagia, xerostomia, and diarrhea was assessed, with consideration of the presence or absence of symptoms in the analyses. Among the outcomes, we focused on death and hospital discharge without complications, with less than three complications, and with three or more complications.




2.4. Data Analyses


The cut-off point for PNI was determined via the ROC curve using the program MedCalc version 22.016, utilizing the method of Hanley and McNeil (1982) [26] and considering a 5% significance level. The evaluation of the association between measured variables and the Prognostic Score in the first and second assessments was checked using the chi-square test, with Bonferroni correction when necessary, given the need to test multiple comparisons between proportions. The same test was also utilized in evaluating the association between the same variables and the classification of the Subjective Global Assessment (SGA) or the Prognostic Nutritional Index (PNI). We presented the other results as descriptive statistics or in the form of tables and graphs. The statistical analysis was performed using the statistical program SPSS, version 24.0, considering a 5% significance level.





3. Results


First, we determined an ideal cut-off point for the Prognostic Nutritional Index (PNI) of 45.56, with a p = 0.018. The PNI varied from 30.16 to 60.6 (mean of 43.59), with an area under the curve (AUC) of 0.664 (IC = 0.567 to 0.752), a significance of 78.9% (IC = 54.4 to 93.9%), and a specificity of 61.1% (IC = 50.3 to 71.2) (Figure 2).



Based on the data obtained, we identified 67 patients who underwent radiotherapy treatment from July 2022 to July 2023, in whom we observed a predominance of the elderly, with a mean age of 61.59 years (59.7%), as well as males (74.6%) and those undergoing concomitantly chemotherapy (74.6%) (Table 2).



Among the cancer sites studied (head and neck and gastrointestinal tract), we identified a higher number of cases of the pharynx (28.35%), covering the nasopharynx, oropharynx, and hypopharynx. Another prevalent site was the rectum (23.9%), in addition to the anal canal region (7.46%), comprising 31.36% of cancer cases.



Besides this, we observed a higher percentage of patients with Score 1, i.e., who had a PNI above 45.56 but an SGA suggesting malnutrition. The same was observed for other individuals, as only 28.4% of the patients had PNI scores indicative of a bad prognosis, while 61.2% were diagnosed with malnutrition using SGA, be it moderate or severe.



Correlating the prognostic score that the patient presented with the degree of cancer, we verified a significant difference (31.6%, p = 0.018) in patients of Prognostic Score 2 with stage 3 cancer compared to those with the other scores. We also observed that of 19 patients diagnosed with stage 3 cancer, 79% had some nutritional impairment (Scores 1, 2 and 3) (Table 3). We saw the same in patients with stage 4 cancer, with 44.8% having a diagnosis of malnutrition by SGA (Prognostic Score 1), and in 24.1%, besides malnutrition, we also saw a PNI below 45.56 (Prognostic Score 3), totaling 68.9% of patients with impaired nutritional status and prognosis (Table 3).



Despite the lack of significant difference, we observed 50 patients undergoing radiotherapy concomitant with chemotherapy; 77% had some impaired nutrition, i.e., Prognostic Score 1, 2 or 3. Similarly, in patients with Score 0 (well-nourished), around 47.1% underwent only radiotherapy (Table 3). Besides this, we determined that patients with nutritional consequences presented higher percentages of weight loss occurrence than those with Score 0. Around 75.6% of patients (Score 1, 2 and 3) lost up to 5% of their weight, while the same occurred in only 24.3% of individuals with Score 0. This difference was more notable in patients with over 10% weight loss, and 80% showing this effect had a weakened nutritional status, while 20% were well-nourished (Table 3).



Concerning treatment outcome, despite also showing no significant difference, we observed a higher percentage without complications (33.3%) in Score 0 patients than in the others. Furthermore, among the 18 patients who finished radiotherapy with 3 or more complications, around 72.2% showed a weakened nutritional status (Table 3).



Having analyzed the complications presented in the first assessment (Table 4), we observed, contrary to what was expected, that Score 2 patients had a lower incidence of dysphagia than the others (p = 0.006). Furthermore, we identified a trend in the higher occurrence of mucositis (p = 0.065), odynophagia (p = 0.082), and diarrhea (p = 0.080) in patients with Prognostic Score 3 (Table 4).



Despite the lack of significant difference, we also observed that the use of an alternative feeding route (72.7%), hospital admission (83.3%), treatment interruption (82.7%), dermatitis (73.5%), dysphagia (79.4%), and odynophagia (100%) represented higher percentages in patients with weakened nutritional status (Score 1, 2 and 3) (Table 4). We also identified in well-nourished patients with Prognostic Score 0 a higher percentage with no hospital admission during radiotherapy (30.9%) and no treatment interruption (36.8%). Besides this, among symptoms indicating a nutritional impact, patients with Score 0 presented lower rates of dermatitis (26.5%), dysphagia (20.6%), and odynophagia (0%) (Table 4).



When addressing the correlations between complications, indicated by the markers of PNI and PG-SGA, in isolation (Table 5), we observed that patients with a diagnosis of malnutrition via PG-SGA (B and C) had higher rates of dysphagia (65.9%, p = 0.002) than the well-nourished patients (26.9%). We also noted a trend towards less odynophagia (p = 0.064) and diarrhea (p = 0.065) in well-nourished patients.



The other alterations and outcomes did not reach significance in terms of their correlation with nutritional status. In spite of this, we identified that patients with SGA-A presented higher percentages of no alteration in food consistency (73.1%), the lower use of alternative feeding routes (88.5%), fewer hospital admissions (88.5%), and a lower degree of treatment interruption (61.5%) (Table 5).



Among the symptoms of nutritional impact, well-nourished patients showed a higher degree of absence of mucositis (65.4%), odynophagia (100%), xerostomia (76.9%), and diarrhea (73.1%). In the moderately and severely undernourished, we observed higher percentages of alteration in diet volume (70.7%) and dermatitis development (78%) (Table 5).



In the PNI, contrary to expectations, we identified a higher occurrence of alterations in volume of food ingested in patients with PNI > 45.56 (p = 0.030), as well as a trend towards less xerostomia (p = 0.066) (Table 5). Similar to SGA, in the PNI, correlations in the other alterations and outcomes did not present significant values in the first assessment. Furthermore, we determined a notably higher percentage of treatment interruption (57.9%) and dermatitis (57.9%) in patients with PNI ≤ 45.56. In patients with PNI above the cut-off, we identified higher percentages of no hospital admission (83.3%) and no treatment interruption (62.5%), and among the symptoms, the near absence of odynophagia stands out (95.8%) (Table 5).



We identified 42 patients who had undergone blood tests at the start and end of treatment, allowing for the assessment of both PNI and the related scores. In this group, we observed an increase of 42.5% in the number of patients showing Score 3, from 19.4% in the first assessment to 61.9% in the second assessment (Figure 3).



The second highest alteration was seen in the number of patients with a prognostic score of 1, which was reduced by 25.1% (the first assessment showed around 41.8% of patients with this score, which reduced to 16.7%). We also observed a reduction of 16.5% in patients with Score 0, from 28.4% at the treatment’s start to 11.9% at its end. The number of patients with a score of 2 remained balanced during the assessments (Figure 3).



Among 42 individuals, we verified that the initial score worsened in 25, indicating an alteration in more than half of the reassessed patients (59.5%). Besides this, we observed around 26 undernourished patients according to SGA, and 6 patients had PNI ≤ 45.56 in the first assessment, while in the second assessment, this number increased to 33 undernourished according to SGA, and 26 patients’ PNI scores were reduced.



Initially, 14.3% of patients (n = 6) presented PNI ≤ 45.56 and malnutrition via SGA at the same time. In the second assessment, this value increased to 61.9% (n = 26), an increase of 47.6%. We verified that the SGA presented greater sensitivity at both assessments to malnutrition, developing from 61.9% to 78.6% (Figure 4). We also noted that, of the 26 patients showing a worsened PNI at the second time point, around 21, i.e., 91.3%, were already showing some degree of malnutrition as diagnosed by PG-SGA at the first assessment.



In the second assessment of the prognostic scores, this time considering the complications presented, we observed that patients with a score of 3 showed higher degrees of alteration in the volume of diet ingested (71%, p = 0.028), as well as treatment interruptions (83.3%, p = 0044) and the development of dysphagia (81.5%, p = 0.005). In the same way, we can state that patients with a score of 0, i.e., well-nourished, suffered less of an alteration in their ingested volume (3.2%, p = 0.028) and a lower development of dysphagia (3.7%, p = 0.005) (Table 6).



We also detected a trend towards treatment outcomes with three or more complications in patients with a prognostic score of 3 (92.3%, p = 0.059), as well as higher percentages of well-nourished patients, classified with score 0, finishing radiotherapy without complications (33.3%, p = 0.059).



These correlations did not present significant values, but we observed high percentages of patients with Score 3 requiring alternative feeding routes (90%) and hospital admission (83.3%), besides manifesting odynophagia (100%) and xerostomia (81.8%). Among patients with a weakened nutritional status, i.e., Scores 1, 2, and 3, we identified a high percentage of adaptation to diet consistency (92.3%) and the development of dermatitis (93.9%) (Table 6).



In the second assessment of isolated markers, derived from SGA and PNI, regarding the complications shown, we observed that undernourished patients, classified B and C using SGA, suffered significantly greater alterations in food volume (81.8%, p = 0.024), in addition to the development of dysphagia (75.8%, p = 0.003) and xerostomia (33.3%, p = 0.044), compared to the well-nourished patients. We also saw a trend towards higher levels of occurrence of dermatitis (84.8%, p = 0.058) in patients with an SGA score showing malnutrition (Table 7).



The other correlations between nutritional status determined by SGA and complications were non-significant. However, well-nourished patients (SGA-A) also showed fewer alterations in ingested food consistency (11.1%), besides fewer cases of alternative feeding routes (11.1%) and hospital admission (11.1%) being required, as well as treatment interruptions (33.3%), odynophagia (0%), and diarrhea (11.1%) (Table 7).



Regarding the Prognostic Index, individuals with PNI ≤ 45.56 showed greater alterations in ingested diet volume (83.3%, p = 0.026), in addition to a higher percentage of use of alternative feeding routes (33.3%, p = 0.022), treatment interruption (53.3%, p = 0.03) and the development of dysphagia (76.7%, p = 0.008) (Table 7). Similarly, patients with indices above 45.56 had a degree of protection against such alterations.



Furthermore, considering the outcomes regarding the numbers of complications at discharge, patients with PNI > 45.56 exhibited greater numbers of hospital discharge without complications during treatment (33.3%, p = 0.029). In turn, individuals with PNI ≤ 45.56 concluded their treatment with three or more complications (40%, p = 0.029) (Table 7). Despite non-significant results regarding the other correlations, we observed a lower percentage of hospital admission in patients with PNI > 45.56 (91.7%), as well as a lack of odynophagia (100%) and xerostomia (83.3%). In patients with PNI ≤ 45.56, we observed a higher percentage of dermatitis development (80%) (Table 7).




4. Discussion


Cancer is still classified as a severe public health problem, and is the second leading cause of death in the world [2,3]. It is known that cancer is a highly catabolic disease that compromises nutritional status [27,28]; it is thus extremely important to pay attention to nutritional status using nutritional and prognostic markers in order to anticipate and improve the efficiency of cancer care [4,10,29,30].



The assessment of our sample evidenced a prevalence of the elderly (59.7%) and males (74.6%), as well as cancers located in the head and neck region (67.14%). Our findings employed global statistics, showing that the incidence of head and neck cancer is 2.8 times higher in men than in women [7], and that this vulnerability is associated with exposure to risk factors such as excessive alcohol and tobacco consumption [2,31]. In relation to the ages of patients, other studies have also identified higher percentages of elderly people affected by the disease [5,32,33,34,35], and there is also an association between greater nutritional risk and the development of malnutrition, to the detriment of adults [36,37].



We verified that out of 67 patients, 61.2% had already presented malnutrition according to PG-SGA at the beginning of treatment, 46.3% having moderate malnutrition and 14.9% severe, while at the treatment’s end, 78.6% were undernourished (57.14% moderate and 21.42% severe). In the same way, concerning the prognostic scores, significant nutritional deterioration was observed, with a 42.5% increase in the prevalence of Score 3 between the assessments (19.4% in the first and 61.9% in the second), and a reduction in well-nourished patients (Score 0).



Studies around the world have shown that malnutrition in oncology is associated with the site of the disease, the nutritional symptoms the patient presents, the time and dose of treatment used, as well as concomitant therapies [18,19,20]. In relation to the oncological site, it has been observed that patients with cancer in the head and neck region present a greater degree of nutritional risk, which can affect up to 90% of patients [38,39], especially when the pharyngeal region is affected [39,40]. In the present study, malnutrition was observed in 75.5% of HN patients at the start of treatment, rising to 88.88% after reassessment, and of the 45 patients with cancer in this region, 28.35% of cases affected the pharyngeal region.



With regard to the other conditions that increase the likelihood of treatment toxicity and malnutrition, we also observed that 47.8% underwent 21 to 29 radiotherapy sessions, and 40.3% had 30 sessions or more. Besides, in 74.6%, the treatment was chemotherapy, and around 34.3% received doses above 60 Gy (gray). A study in Germany observed that patients receiving high radiation doses under RT had worse nutritional symptoms and a more notably weakened nutritional status, establishing that doses of ≥40 Gy in radiotherapy are predictive of the development of malnutrition by the treatment’s end [19]. In our study, only one patient received treatment with 30 Gy, while 98.5% underwent doses ≥ 40 Gy.



Among the main symptoms reported, dysphagia was observed in 34 patients in the first assessment, and around 65.9% (p = 0.002) of these were undernourished according to SGA. In the second assessment, 27 patients showed dysphagia, and 81.5% (p = 0.005) showed a prognostic score of 3, while 75.8% (p = 0.003) were undernourished according to SGA and 76.7% (p = 0.008) had a PNI ≤ 45.56.



A study on dysphagia emerging during radiotherapy sessions in China observed a 72.2% increase in the rate of manifestation of dysfunctions during treatment, with swallowing difficulties being related to weight loss, malnutrition according to SGA, the stage of disease, high doses of RT, concomitant treatments and cancer in the pharyngeal region [41]. Another study in Italy identified dysphagia in HN cancer patients in 48% of cases, while 37.95% developed it throughout the treatment, as well as showing greater weight loss, malnutrition, and a reduction in albumin and white blood cell levels. The study also reported that after one year of treatment, 58.62% died, and 41.38% of the patients were suffering from severe malnutrition [42].



Dysphagic patients consequently showed alterations in food consistency, as well as reduced diet volumes and the use of alternative feeding routes. In the first assessment, our study observed that the use of alternative feeding routes was more frequent in individuals suffering nutritional impacts (Score 1, 2 and 3), representing 72.7% of patients. In the second assessment, we ascertained that patients with a prognostic score of 3 had a significantly higher level of occurrence of alterations in ingested food volume (71%, p = 0.028), and undernourished patients (according to SGA (81.8%, p = 0.024) and PNI ≤ 45.56 (83.3%, p = 0.026) showed greater alterations in food volume. Besides this, patients with reduced PNI scores also showed a tendency towards alternative feeding routes (33.3%, p = 0.022), while patients with a score of 3 suffered from higher percentages of occurrence (90%) of this outcome.



An Asian study, conducted with a higher number of patients and over a longer period, identified as early as the pre-treatment stage that those with lower PNI scores were more susceptible to requiring alternative feeding routes [43]. A European study identified that 89.2% of dysphagic and undernourished patients were unable to use the oral route for nutrition [39]. Studies have reported that 1 in every 5 of such patients requires enteral feeding or ostomies, and when this is not an option, consistency alterations are necessary [40].



As previously mentioned, another predominant effect that we found was a reduction in the volume of ingested food, which could result in a nutritional imbalance, since the total caloric value ingested was also limited, and was not sufficient to meet the needs of exacerbated energy expenditure. All of this favors weight loss and the development of malnutrition, both of which are known to be markers of greater toxicity, worse responses to treatment and lower survival [18,19,20,44,45]. Furthermore, there is an increase in weight loss and a greater nutritional deficit when the cancer is located in the gastrointestinal region, mainly due to alterations in the digestive, metabolic and absorptive processes [46,47].



We observed that 22.38% of patients exhibited > 10% weight loss. An Italian study reported a percentage of patients with severe weight loss of 15.1%, associating the risk primarily with reduced PNI, and correlating it to greater negative impacts on patient survival [9]. A study carried out in Finland assessed the weight loss of patients undergoing cancer treatment, and found that 24% had severe weight loss before treatment, which figure rose to 70.7% at the end of the treatment [48].



Another factor presented in the literature as favoring weight loss and malnutrition is the stage of the tumor. Studies have shown that more advanced tumor stages have a greater nutritional impact [36], which is associated with reduced PNI values, as seen in studies on patients with colorectal and cervical cancer [49,50], and it is also associated with a diagnosis of malnutrition using SGA, as observed in a study carried out in Taiwan [51]. This study found that patients with a prognostic score of 2 suffered from a higher rate of occurrence of stage 3 cancer (31.6%, p = 0.018), with higher percentages of stage 3 (79%) and stage 4 (68.9%) cancer among those suffering a higher nutritional impact (Scores 1, 2, and 3).



Considering such interrelations, nutritionally weakened patients show greater risks of treatment interruption and prolonged hospital stay. Our data show that, in the first assessment, patients at nutritional risk (Score 1, 2, and 3) suffered higher percentages of treatment interruption (82.7%). In contrast, in the second assessment, we saw significantly more interruptions (of more than three days) of radiotherapy in patients with Score 3 (83.3%, p = 0.044), as well as in patients with PNI ≤ 45.56 (53.3%, p = 0.030). Similarly, a study carried out on HN patients in Taiwan found that malnourished patients with a low PNI received higher doses of medication and radiation, and they presented lower tolerance to treatment, a lower rate of therapy completion, as well as higher rates of toxicity and death [43].



The assessments using SGA, despite showing differing results, revealed a lower occurrence of interruption in well-nourished patients (11.1%). On the other hand, an Asian study on HN patients identified lower rates of treatment conclusion in undernourished patients identified using SGA [51]. Given these variations in findings, we stress the use of a combination of markers to improve sensitivity, ensuring better care coverage.



Concerning hospital admission, despite non-significance, we observed via the first and second assessments that Score 3 patients had higher rates of hospital admission (83.3%). In contrast, isolated markers showed lower percentages of medical care when patients had an improved nutritional status (SGA-A and PNI > 45.56). Studies on lung cancer patients assessed by SGA identified a requirement for longer hospital stays in undernourished patients [52]. Furthermore, another study on the characteristics of HN patients with unanticipated hospital admissions throughout treatment identified an increased risk for severely ill elderly people using alternative feeding routes, identifying the primary reasons as dehydration and gastrointestinal symptoms [53].



Cancer patient survival is strongly influenced by nutritional, immunological and inflammatory conditions, and malnutrition can lead to death in patients undergoing radiotherapy treatment in up to 20% of cases [29]. Although only 3% of the sample showed this outcome, around 79.1% (53 patients) were discharged with some complications having emerged during treatment that, if sustained over a long period, could lead to worse outcomes [6]. Based on the results presented, the second evaluation showed a tendency in patients with prognostic scores of 3 towards being discharged with more complications (92.3%, p = 0.059), and there were significantly more complications in patients with PNI ≤ 45.56 (40%, p = 0.029). Although this study did not assess mortality, studies carried out on cancer patients using PNI or SGA identified a shorter overall survival time and higher mortality when the values indicated malnutrition [9,12,30,33,43,54,55,56,57,58,59].



In the analyses carried out, the SGA has been proven to be a strong instrument with sensitivity when used in identifying toxicity, and especially malnutrition, from the first application, which may be related to its focus on symptoms of nutritional impact, and its use of anthropometric, dietary, and semiological assessments [60]. The PNI, on the other hand, showed more significant rates of toxicity after re-evaluation, and the nature of the markers used in its formula must be considered [9,37].



Albumin is a negative acute-phase protein with a long half-life, considered an indicator of nutritional status and inflammatory activity. At the beginning of the disease’s development, compensatory synthesis can be observed, but as stress and malnutrition worsen, its synthesis is suppressed [61]. Lymphocytes, on the other hand, are immune system cells that inhibit the proliferation of tumor cells, and their concentration is affected by the stress response, as well as deficient production due to malnutrition and reduction caused by factors such as radiosensitivity. Thus, in the early stages of the disease and in previously healthy patients, the values will be normalized, after which there will be a gradual and progressive reduction, making monitoring and reassessment important, as well as the association of markers as presented by the prognostic score [62,63,64].



The study had some limiting factors, such as the fact that It was carried out retrospectively and in a single center, which was recently inaugurated and is not yet operating at full capacity. As a result, we saw a reflection in the number of samples obtained, despite the one-year collection period. In addition, considering the use of data from medical records, it is possible that there may have been gaps or missing information, making it impossible to provide much detail on symptom levels and other information on adjuvant treatments.



However, considering the data presented, the nutritional markers offered by the prognostic score can be taken as an innovative tool for identifying malnutrition and toxicity, since they complement the limitations of the two indices (SGA and PNI). Their use enables the better monitoring of the individual’s prognosis, helping to devise a detailed clinical and nutritional therapeutic plan, especially after re-evaluating the scores, leading to a better quality of life, treatment completion rate, tolerability, and survival.




5. Conclusions


The use of prognostic scores has shown applicability in identifying weakened nutritional status and toxicities during cancer treatment, mainly after the second assessment, and demonstrated sufficient sensitivity to indicate reduced ingested food volume, treatment interruption, and dysphagia. Its use can also contribute to better nutritional planning and monitoring. The Subjective Global Assessment alone was sensitive to the identification of malnutrition and its correlation with the manifestation of dysphagia, xerostomia, and a reduction in ingested food volume. PNI alone, after the second assessment, was sensitive to the identification of alterations in ingested food volume, the use of alternative feeding routes, treatment interruption, dysphagia, and outcomes with three or more complications. Our data corroborate the published findings regarding undernourished patients with many complications. Despite our conclusions, we suggest further studies be undertaken with more patients and a greater monitoring time to derive more robust evidence.







Author Contributions


M.M.M.I. and K.d.C.F. helped in the development of the study, data tabulation, interpretation of the results, discussion and writing; A.S.d.S. helped in statistical analyses and interpretation of the results; L.F.S., V.A.d.N., R.d.C.A.G. and A.P. helped in the discussion and writing. All authors have read and agreed to the published version of the manuscript.




Funding


The study was funded partially by the Coordenação de Aperfeiçoamento de Pessoal de Nível Superior, Brasil (CAPES)—Finance code 001.




Institutional Review Board Statement


The study was conducted according to the Helsinki Declaration. This project was approved by the Ethics Committee in Research in Human beings of Fundação Universidade Federal do Mato Grosso do Sul (UFMS), record n. 5.570.138 (approval date 8 August 2022).




Informed Consent Statement


Informed consent was given by all authors of the study.




Data Availability Statement


Data is contained within the article.




Acknowledgments


We thank the Graduate Program in Health and Development of the Central-West Region of Universidade Federal de Mato Grosso do Sul-UFMS for support. The authors thank the Coordenação de Aperfeiçoamento de Pessoal de Nível Superior-CAPES.




Conflicts of Interest


The authors declare no conflicts of interest.




References


	



Bosaeus, I.; Daneryd, P.; Svanberg, E.; Lundholm, K. Dietary intake and resting energy expenditure in relation to weight loss in unselected cancer patients. Int. J. Cancer 2001, 93, 380–3831. [Google Scholar] [CrossRef]

	



Siegel, R.L.; Miller, K.D.; Wagle, N.S.; Jemal, A. Cancer statistics, 2023. CA Cancer J. Clin. 2023, 1, 17–48. [Google Scholar] [CrossRef]

	



World Health Organization, International Agency for Research on Cancer. Cancer Tomorrow. 2024. Available online: https://gco.iarc.fr/tomorrow/en/dataviz/trends?multiple_populations=1 (accessed on 18 February 2024).

	



Zhang, M.; Guo, Y.; Zhang, X.; Zhang, Y.; Yuanyuan, F.; Liu, Y.; Zhao, K.; Fan, R.; Lu, P. Nutritional risk screening in malignant tumors: A study of 375 cancer inpatients. Support. Care Cancer 2022, 30, 8333–8337. [Google Scholar] [CrossRef]

	



Kadakia, K.C.; Symanowski, J.T.; Aktas, A.; Szafranski, M.L.; Salo, J.C.; Madors, P.L.; Walsh, D. Malnutrition risk at solid tumor diagnosis: The malnutrition screening tool in a large US cancer institute. Support. Care Cancer 2022, 30, 2237–2244. [Google Scholar] [CrossRef]

	



Muscaritoli, M.; Arends, J.; Bachmann, P.; Baracos, V.; Barthelemy, N.; Bertz, H.; Bozzetti, F.; Hütterer, E.; Isering, E.; Kaasa, S.; et al. ESPEN practical guideline: Clinical Nutrition in cancer. Clin. Nutr. 2021, 40, 2898–2913. [Google Scholar] [CrossRef]

	



World Health Organization, International Agency For Research on Cancer. Cancer Today. 2022. Available online: https://gco.iarc.fr/today/en/dataviz/tables?mode=population (accessed on 18 February 2024).

	



Garutti, M.; Noto, C.; Pasto, B.; Cucciniello, L.; Alajmo, M.; Casirati, A.; Pedrazzoli, P.; Caccialanza, R.; Puglisi, F. Nutrition Management of Oncological Symptoms: A comprehensive Review. Nutrients 2023, 15, 5068. [Google Scholar] [CrossRef]

	



Fannetti, G.; Polesel, J.; Fratta, E.; Muraro, E.; Lupato, V.; Alfieri, S.; Gobitti, C.; Minatel, E.; Matrone, F.; Caroli, A.; et al. Prognostic Nutritional Index Predicts Toxicity in Head and Neck Cancer Patients Treated with Definitive Radiotherapy in Association with Chemotherapy. Nutrients 2021, 13, 1277. [Google Scholar] [CrossRef] [PubMed]

	



Antasouras, G.; Papadopoulou, S.K.; Tolia, M.; Pandi, A.L.; Spanoudaki, M.; Tsoukalas, N.; Tsourouflis, G.; Psara, E.; Mentzelou, M.; Giaginis, C. May Nutritional Status Positively Affect Disease Progression and Prognosis in Patients with Esophageal and Pharyngeal Cancers? A scoping review of the current clinical studies. Med. Sci. 2023, 11, 64. [Google Scholar] [CrossRef]

	



Mantzorou, M.; Koutelidakis, A.; Theocharis, S.; Giaginis, C. Clinical Value of Nutritional Status in Cancer: What Is Its Impact and How It Affects Disease Progression and Prognosis? Nutr. Cancer 2017, 69, 1151–1176. [Google Scholar] [CrossRef] [PubMed]

	



Shi, Y.; Zhang, Y.; Niu, Y.; Chen, Y.; Kou, C. Prognostic role of the prognostic nutritional index (PNI) in patients with head and neck neoplasms undergoing radiotherapy: A meta-analysis. PLoS ONE 2021, 16, e0257425. [Google Scholar] [CrossRef] [PubMed]

	



Otsuka, R.; Hayashi, H.; Uesato, M.; Hayano, K.; Murakami, K.; Toyozumi, T.; Matsumoto, Y.; Kurata, Y.; Nakano, A.; Takahashi, Y.; et al. Inflammatory and Nutritional Indices as Prognostic Markers in Elderly Patients with Gastric Cancer. Anticancer Res. 2023, 43, 5261–5267. [Google Scholar] [CrossRef]

	



Hu, Y.; Cai, Y.; Ma, W.; Hu, H.; Gu, H.; Jin, Y.; Li, F. The prognostic nutritional index and tumor pathological characteristics predict the prognosis of elderly patients with early-stage hepatocellular carcinoma after surgery. Biosci. Trends 2023, 17, 369–380. [Google Scholar] [CrossRef]

	



Sun, G.; Li, Y.; Peng, Y.; Lu, D.; Zhang, f.; Cui, X.; Zhang, Q.; Li, Z. Impact of the preoperative prognostic nutritional index on postoperative and survival outcomes in colorectal cancer patients who underwent primary tumor resection: A systematic review and meta-analysis. Int. J. Color. Dis. 2019, 34, 681–689. [Google Scholar] [CrossRef] [PubMed]

	



Wang, P.P.; Soh, K.L.; Khazaai, H.B.; Ning, C.Y.; Huang, X.L.; Yu, J.X.; Liao, J.L. Nutritional Assessment Tools for Patients with Cancer: A Narrative Review. Curr. Med. Sci. 2024, 44, 71–80. [Google Scholar] [CrossRef] [PubMed]

	



Diaz, C.; Hayward, C.J.; Safoine, M.; Paquette, C.; Langevin, J.; Galarneau, J.; Théberge, V.; Ruel, J.; Archambault, L.; Fradette, J. Ionizing Radiation Mediates Dose Dependent Effects Affecting the Healing Kinetics of Wounds Created on Acute and Late Irradiated Skin. Surgeries 2021, 2, 35–57. [Google Scholar] [CrossRef]

	



Löser, A.; Grohmann, M.; Dedo, A.; Greinert, F.; Krause, L.; Molwitx, I.; Krull, A.; Petersen, C. Impact of dosimetric factors on long-term percutaneous enteral gastrostomy (PEG) tube dependence in head and neck cancer patients after (chemo)radiotherapy—Results from a prospective randomized trial. Strahlenther. Onkol. 2022, 198, 1016–1024. [Google Scholar] [CrossRef]

	



Finger, A.; Grohmann, M.; Krause, L.; Krüll, A.; Petersen, C.; Thieme, A.; Rades, D.; Löser, A. Irradiation dose to the swallowing apparatus impacts nutritional status in head and neck cancer patients—Results from the prospective randomized HEADNUT trial. Strahlenther. Onkol. 2023, 199, 875–880. [Google Scholar] [CrossRef] [PubMed]

	



Xu, T.; Shen, C.; Zhou, X.; Zhu, L.; Xiang, J.; Wang, Y.; Zhu, Y.; He, X.; Ying, H.; Whang, Y.; et al. Selective Treatment Deintensification by Reducing Radiation Dose and Omitting Concurrent Chemotherapy Based on Response to Induction Chemotherapy in Human Papillomavirus-Associated Oropharyngeal Squamous Cell Carcinoma: A Single-Arm, Phase 2 Trial (IChoice-01). Int. J. Radiat. Oncol. Biol. Phys. 2024, 117, 169–178. [Google Scholar]

	



Ottery, F.F. Definition of standardized nutritional assessment and interventional pathways in oncology. Nutrition 1996, 12, 15–19. [Google Scholar] [CrossRef]

	



Gonzalez, M.C.; Borges, L.R.; Silveira, D.H.; Assunção, M.C.F.; Orlandi, S.P. Validação da versão em português da avaliação subjetiva global produzida pelo paciente. Rev. Bras. Nutri. Clin. 2010, 25, 102–108. [Google Scholar]

	



Onodera, T.; Goseki, N.; Kosaki, G. Prognostic nutritional index in gastrointestinal surgery of malnourished cancer patients. Nihon Rinsho Geka Gakkai Zasshi 1984, 85, 1001–1005. [Google Scholar]

	



Yao, J.J.; Jin, Y.N.; Wang, S.J.; Zhang, F.; Zhou, G.Q.; Zhang, W.J.; Cheng, Z.B.; Ma, J.; Qi, Z.Y.; Sun, Y. The detrimental effects of radiotherapy interruption on local control after concurrent chemoradiotherapy for advanced T-stage nasopharyngeal carcinoma: An observational, prospective analysis. BMC Cancer 2018, 18, 740. [Google Scholar] [CrossRef]

	



Yang, X.L.; Zhou, G.Q.; Lin, L.; Zhang, L.L.; Zhen, F.P.; Lv, J.W.; Kou, J.; Wen, D.W.; Ma, J.; Sun, Y.; et al. Prognostic value of radiation interruption in different periods for nasopharyngeal carcinoma patients in the intensity-modulated radiation therapy era. Cancer Med. 2021, 10, 143–155. [Google Scholar] [CrossRef]

	



Hanley, J.A.; McNeil, B.J. The meaning and use of the area under a receiver operating characteristic (ROC) curve. Radiology 1982, 143, 29–36. [Google Scholar] [CrossRef]

	



Hedge, M.; Daimary, U.D.; Girisa, S.; Kumar, A.; Kunnumakkara, A.B. Tumor cell anabolism and host tissue catabolism-energetic inefficiency during cancer cachexia. Exp. Biol. Med. 2022, 247, 713–733. [Google Scholar]

	



Cook, F.; Rodriguez, J.M.; Mccaul, L.K. Malnutrition, nutrition support and dietary intervention: The role of the dietitian supporting patients with head and neck cancer. Br. Dent. J. 2022, 233, 757–764. [Google Scholar] [CrossRef]

	



Arends, J.; Bachmann, P.; Baracos, V.; Barthelemy, N.; Bertz, H.; Bozzetti, F.; Fearon, K.; Hütterer, E.; Isenring, E.; Kaasa, S.; et al. ESPEN guidelines on nutrition in cancer patients. Clin. Nutr. 2017, 1, 11–48. [Google Scholar] [CrossRef]

	



Ling, H.H.; Yeh, K.; Ng, S.; Wang, C.; Lai, C.; Wu, T.; Chang, P.; Chou, W.; Chen, F.; Lin, Y. Determining Malnutrition Assessment Criteria to Predict One-Year Mortality for Locally Advanced Head and Neck Cancer Patients Undergoing Concurrent Chemoradiotherapy. Nutrients 2020, 12, 836. [Google Scholar] [CrossRef]

	



Barsouk, A.; Aluru, J.S.; Rawla, P.; Saginala, K.; Barsouk, A. Epidemiology, Risk Factors, and Prevention of Head and Neck Squamous Cell Carcinoma. Med. Sci. 2023, 11, 42. [Google Scholar] [CrossRef] [PubMed]

	



Karin, M.; Bogut, A.; Hosjack, I.; Babic, E.; Volárico, M.; Benanda, M. Nutritional status and its effect on complications in patients with colorectal cancer. Wien. Klin. Wochenschr. 2020, 132, 431–437. [Google Scholar] [CrossRef] [PubMed]

	



Yoshida, R.; Gohara, S.; Sakata, J.; Matsuoka, Y.; Hirosue, A.; Kawahara, K.; Kawaguchi, S.; Nagao, Y.; Yamana, K.; Nagata, M.; et al. Onodera’s prognostic nutritional index correlates with tumor immune environment and survival in patients with oral squamous cell carcinoma undergoing chemoradiotherapy. Transl. Oncol. 2020, 13, 100850. [Google Scholar] [CrossRef]

	



Soria-Utrilla, V.; Sánzhez-Torralvo, F.J.; Gonzalez-Poveda, I.; Mera-Velasco, S.; Porras, N.; Toval-Mata, J.A.; García-Olivares, M.; Ruiz-Lopez, M.; Gonzalo-Marín, M.; Carrasco-Campos, J.; et al. Prevalence of Anxiety and Depression Symptoms and Their Relationship with Nutritional Status and Mortality in Patients with Colorectal Cancer. Int. J. Environ. Res. Public Health 2022, 19, 13548. [Google Scholar] [CrossRef]

	



Riad, A.; Knight, S.R.; Ghosh, D.; Kingsley, P.A.; Lapitan, M.C.; Parreno-Sacdalan, M.D.; Sundar, S.; Qureshi, A.U.; Valparaiso, A.P.; Pius, R.; et al. Impact of malnutrition on early outcomes after cancer surgery: An international, multicentre, prospective cohort study. Lancet Glob. Health 2023, 11, e341–e349. [Google Scholar] [CrossRef]

	



Deng, L.H.; Chi, H.; Zong, Y.; Li, Y.; Chen, M.G.; Chen, P. Malnutrition in patients with head and neck cancer undergoing radiotherapy: A cross-sectional study. Eur. J. Oncol. Nurs. 2023, 66, 102387. [Google Scholar] [CrossRef]

	



Marshall, K.M.; Loeliger, J.; Nolte, L.; Kelaart, A.; Kiss, N.K. Prevalence of malnutrition and impact on clinical outcomes in cancer services: A comparison of two time points. Clin. Nutr. 2019, 38, 644–651. [Google Scholar] [CrossRef] [PubMed]

	



Hunter, M.; Kellet, J.; Toohey, K.; D’cunha, N.M.; Isbel, S.; Naumovski, N. Toxicities Caused by Head and Neck Cancer Treatments and Their Influence on the Development of Malnutrition: Review of the Literature. Eur. J. Investig. Health Psychol. Educ. 2020, 10, 935–949. [Google Scholar] [CrossRef]

	



Yanni, A.; Dequanter, D.; Lechien, J.T.; Loeb, I.; Rodriguez, A.; Javadian, R.; Van Gossum, M. Malnutrition in head and neck cancer patients: Impacts and indications of a prophylactic percutaneous endoscopic gastrostomy. Eur. Ann. Otorhinolaryngol. Head Neck Dis. 2019, 136, 127–233. [Google Scholar] [CrossRef] [PubMed]

	



Simon, S.R.; Pilz, W.; Hoebers, F.J.P.; Leeters, I.P.M.; Schols, A.M.W.J.; Willemsen, A.C.H.; Winkens, B.; Baijens, L.W.J. Malnutrition screening in head and neck cancer patients with oropharyngeal dysphagia. Clin. Nutr. 2021, 44, 348–355. [Google Scholar] [CrossRef] [PubMed]

	



Wang, Y.; Zhang, L.; Jin, S.; Lin, H.; Gong, L.; Wang, Y.; Jin, S.; Cao, Y.; Shih, Y.; Lu, Q. Swallowing functional outcomes and nutritional status in head and neck cancer radiotherapy: Longitudinal study. BMJ Support. Palliat. Care 2020, 10, 452–461. [Google Scholar] [CrossRef]

	



Cristofaro, M.G.; Barca, I.; Ferragina, F.; Novembre, D.; Ferro, Y.; Pujia, R.; Montalcini, T. The health risks of dysphagia for patients with head and neck cancer: A multicentre prospective observational study. J. Transl. Med. 2021, 19, 472. [Google Scholar] [CrossRef]

	



Chang, P.; Hsieh, J.C.; Yeh, K.; Chen, E.Y.; Yang, S. Prognostic nutritional index relevance in chemoradiotherapy for advanced oral cavity, oropharyngeal and hypopharyngeal câncer. Asia Pac. J. Clin. Nutr. 2018, 27, 996–1001. [Google Scholar]

	



Santarpia, L.; Contaldo, F.; Pasanisi, F. Nutritional screening and early treatment of malnutrition in cancer patients. J. Cachexia Sarcopenia Muscle 2011, 2, 27–35. [Google Scholar] [CrossRef]

	



Aprile, G.; Basile, D.; Giaretta, R.; Schiavo, G.; La Verde, N.; Corradi, E.; Monge, T.; Agustoni, F.; Stratto, S.S. The Clinical Value of Nutritional Care before and during Active Cancer Treatment. Nutrients 2021, 13, 1196. [Google Scholar] [CrossRef]

	



Schneider, S.M.; Correia, M.I.T.D. Epidemiology of weight loss, malnutrition and sarcopenia: A transatlantic view. Nutrition 2020, 69, 110581. [Google Scholar] [CrossRef]

	



Ai, D.; Ding, N.; Wu, H. The impact of sarcopenia on nutritional status in elderly patients with gastrointestinal tumors. Sci. Rep. 2023, 13, 10308. [Google Scholar] [CrossRef]

	



Orell, H.; Schwab, U.; Saarilahti, K.; Österlund, P.; Ravasco, P.; Mäkitie, A. Nutritional Counseling for Head and Neck Cancer Patients Undergoing (Chemo) Radiotherapy—A Prospective Randomized Trial. Front. Nut. 2019, 6, 22. [Google Scholar] [CrossRef]

	



Li, J.; Zhu, N.; Wang, C.; You, L.; Guo, W.; Yuan, Z.; Qi, S.; Zhao, H.; Yu, J.; Huang, Y. Preoperative albumin-to-globulin ratio and prognostic nutritional index predict the prognosis of colorectal cancer: A retrospective study. Sci. Rep. 2023, 12, 17272. [Google Scholar] [CrossRef]

	



Chen, Y.; Huang, B.; Zheng, J.; He, F. Prediction study of prognostic nutrition index on the quality of life of patients with cervical cancer undergoing radiotherapy and chemotherapy. Peer J. 2023, 11, e15442. [Google Scholar] [CrossRef]

	



Chen, M.F.; Chen, Y.Y.; Chen, W.C.; Hsieh, C.C. The relationship of nutritional status with anticancer immunity and its prognostic value for head and neck cancer. Mol. Carcinog. 2023, 62, 1388–1398. [Google Scholar] [CrossRef]

	



Lang, J.; Shao, Y.; Liao, J.; Chen, J.; Zhou, X.; Deng, R.; Wang, W.J.; Sun, X. Patient-Generated Subjective Global Assessment (PG-SGA) predicts length of hospital stay in lung adenocarcinoma patients. Br. J. Nutr. 2022, 127, 1543–1548. [Google Scholar] [CrossRef]

	



Moore, Z.R.; Pham, N.L.; Shah, J.L.; Nedzi, L.; Sumer, B.D.; Day, A.T.; Khan, S.A.; Sher, D.J. Risk of Unplanned Hospital Encounters in Patients Treated with Radiotherapy for Head and Neck Squamous Cell Carcinoma. J. Pain Symptom Manag. 2019, 57, 738–745. [Google Scholar] [CrossRef]

	



Gao, Z.; Zhao, M.; Yande, X.J.; Fu, J. Assessment of Peripheral Platelet to Lymphocyte Ratio and Prognostic Nutritional Index in the Efficacy and Prognosis of Radiotherapy for Cervical Cancer. Curr. Oncol. 2023, 30, 2834–2844. [Google Scholar] [CrossRef]

	



Hua, X.; Long, Z.; Huang, X.; Deng, J.; He, Z.; Guo, L.; Zhang, W.; Lin, H. The Value of Prognostic Nutritional Index (PNI) in Predicting Survival and Guiding Radiotherapy of Patients with T1-2N1 Breast Cancer. Front. Oncol. 2020, 9, 1562. [Google Scholar] [CrossRef]

	



Tang, M.; Jia, Z.; Zhang, J. The prognostic role of prognostic nutritional index in nasopharyngeal carcinoma: A systematic review and meta-analysis. Int. J. Clin. Oncol. 2021, 26, 66–67. [Google Scholar] [CrossRef]

	



Bruixola, G.; Cabellero, J.; Papaccio, F.; Petrillo, A.; Iranzo, A.; Civera, M.; Moriana, M.; Bosch, N.; Moronãs, M.; Fonzález, I.; et al. Prognostic Nutritional Index as an independent prognostic factor in locoregionally advanced squamous cell head and neck cancer. ESMO Open 2018, 24, E000425. [Google Scholar] [CrossRef]

	



Fu, J.; Yang, X. The Prognostic Value of the C-reactive Protein/Prognostic Nutritional Index Ratio in Stage III and IV Laryngeal Cancer Patients Treated with Radiotherapy. Cureus 2019, 12, e4648. [Google Scholar] [CrossRef]

	



Nikniaz, Z.; Somi, M.H.; Nagashi, S. Malnutrition and Weight Loss as Prognostic Factors in the Survival of Patients with Gastric Cancer. Nutr. Cancer 2022, 74, 3140–3145. [Google Scholar] [CrossRef]

	



Langer, C.J.; Hoffman, J.O.; Ottery, F.D. Clinical Significance of Weight Loss in Cancer Patients: Rationale for the Use of Anabolic Agents in the Treatment of Cancer-Related Cachexia. Nutrition 2001, 17, S1–S21. [Google Scholar] [CrossRef]

	



Gupta, D.; Lis, C.G. Pretreatment serum albumin as a predictor of cancer survival: A systematic review of the epidemiological literature. Nutr. J. 2010, 9, 69. [Google Scholar] [CrossRef]

	



Wang, B.; Jiang, X.W.; Tian, D.L.; Zhou, N.; Geng, W. Combination of Haemoglobin and Prognostic Nutritional Index Predicts the Prognosis of Postoperative Radiotherapy for Esophageal Squamous Cell Carcinoma. Cancer Manag. Res. 2020, 12, 8589–8591. [Google Scholar] [CrossRef]

	



Daluvuri, R.; Jiang, W.; Fang, P.; Xu, C.; Jomaji, R.; Gomez, D.R.; Welsh, J.; Cox, J.D.; Crane, C.H.; Hsu, C.C.; et al. Lymphocyte Nadir and Esophageal Cancer Survival Outcomes After Chemoradiation Therapy. Int. J. Radiat. Oncol. Biol. Phys. 2017, 99, 128–135. [Google Scholar]

	



Fang, P.; Jiang, W.; Davuluri, R.; Xu, C.; Krishnan, S.; Mohan, R.; Koong, A.S.; Hsu, C.C.; Lin, S.H. High lymphocyte count during neoadjuvant chemoradiotherapy is associated with improved pathologic complete response in esophageal cancer. Radiother. Oncol. 2018, 128, 584–590. [Google Scholar] [CrossRef]








[image: Nutrients 16 01363 g001] 





Figure 1. Fluxogram of methods utilized in the study. Abbreviations: PG-SGA (Patient-Generated Subjective Global Assessment); PNI (Prognostic Nutritional Index). 
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Figure 2. Analysis of the ROC curve for the Prognostic Nutritional Index (PNI). 
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Figure 3. Frequency of distribution of the prognostic scores in the first and second assessments of patients. 
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Figure 4. Relation of the percentages of undernourished patients identified using PG-SGA (B and C) with PNI ≤ 45.56 in the first and second assessments of the group subjected to two assessments (n = 42). Abbreviations—PG-SGA: Patient-Generated Subjective Global Assessment. PNI: Prognostic Nutritional Index. 
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Table 1. Description of the prognostic score based on PNI and SGA-PPP.
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	Prognostic Score
	PNI
	PG-SGA





	0
	>45.56
	A—Well-nourished



	1
	>45.56
	B—Moderately undernourished or C—Severely malnourished



	2
	≤45.56
	A—Well-nourished



	3
	≤45.56
	B—Moderately undernourished or C—Severely Malnourished







Source: Author. PNI: Prognostic Nutritional Index. PG-SGA: Patient-Generated Subjective Global Assessment.













 





Table 2. General data and clinical characteristics.






Table 2. General data and clinical characteristics.









	Variables
	% (n)





	TOTAL
	100 (67)



	GENDER
	



	Female
	25.4 (17)



	Male
	74.6 (50)



	AGE
	



	≤59 years
	40.3 (27)



	≥60 years
	59.7 (40)



	CANCER LOCATION
	



	Tongue and oral cavity
	2.99 (2)



	Pharynx
	28.35 (19)



	Larynx
	8.95 (6)



	Esophagus
	17.91 (12)



	Parotid and salivary glands
	4.47 (3)



	Nasal cavity and facial sinuses
	4.47 (3)



	Stomach
	1.5 (1)



	Rectum
	23.9 (16)



	Anal canal
	7.46 (5)



	NUMBER OF SESSIONS
	



	≤20 sessions
	11.9 (8)



	21 to 29 sessions
	47.8 (32)



	≥30 sessions
	40.3 (27)



	PNI
	



	≤45.56
	28.4 (19)



	>45.56
	71.6 (48)



	PG-SGA
	



	A—Well-nourished
	38.8 (26)



	B—Moderately undernourished
	46.3 (31)



	C—Severely malnourished
	14.9 (10)



	OUTCOME
	



	Hospital Discharge
	97 (65)



	Death
	3 (2)



	CHEMOTHERAPY
	



	Yes
	74.6 (50)



	No
	25.4 (17)



	PROGNOSTIC SCORE
	



	Score 0 (PNI > 45.56 and SGA-A)
	28.4 (19)



	Score 1 (PNI > 45.56 and SGA-B or C)
	41.8 (28)



	Score 2 (PNI ≤ 45.56 and SGA-A)
	10.4 (7)



	Score 3 (PNI ≤ 45.56 and SGA-B or C)
	19.4 (13)







PNI: Prognostic Nutritional Index. PG-SGA: Patient-Generated Subjective Global Assessment.













 





Table 3. Description of variables and outcomes in relation to the classification of Prognostic Scores for patients.
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Variables

	
Total Patients (n = 67)

	
Score 0 (n = 19/28.4%)

	
Score 1 (n = 28/41.8%)

	
Score 2 (n = 7/10.4%)

	
Score 3 (n = 13/19.4%)

	
p-Value






	
STAGES

	

	

	

	

	

	




	
I

	
2

	
0 (0) a

	
100 (2) a

	
0 (0) a,b

	
0 (0) a

	
0.018




	
II

	
17

	
35.3 (6) a

	
52.9 (9) a

	
5.9 (1) a,b

	
5.9 (1) a




	
III

	
19

	
21.1 (4) a

	
21.1 (4) a

	
31.6 (6) b

	
26.3 (5) a




	
IV

	
29

	
31 (9) a

	
44.8 (13) a

	
0 (0) a

	
24.1 (7) a




	
DOSE RT (Gy)

	

	

	

	

	

	




	
≤60

	
44

	
31.8 (14)

	
36.4 (16)

	
15.9 (7)

	
15.9 (7)

	
0.116




	
≥60.1

	
23

	
21.7 (5)

	
52.2 (12)

	
0 (0)

	
26.1 (6)




	
NUMBER OF SESSIONS

	

	

	

	

	

	




	
≤20 sessions

	
8

	
25 (2)

	
25 (2)

	
0 (0)

	
50 (4)

	
0.108




	
21 to 29 sessions

	
32

	
28.1 (9)

	
43.75 (14)

	
18.8 (6)

	
9.4 (3)




	
≥30 sessions

	
27

	
29.6 (8)

	
44.4 (12)

	
3.7 (1)

	
22.2 (6)




	
CONCOMITANT CHEMOTHERAPY

	

	

	

	

	

	




	
Yes

	
50

	
22 (11)

	
45 (23)

	
14 (7)

	
18 (9)

	
0.101




	
No

	
17

	
47.1 (8)

	
29.4 (5)

	
0 (0)

	
23.5 (4)




	
WEIGHT LOSS

	

	

	

	

	

	




	
0 TO 5.00%

	
37

	
24.3(9)

	
40.5 (15)

	
13.5 (5)

	
21.6 (8)

	
0.342




	
5.01 TO 10%

	
15

	
46.7 (7)

	
26.7 (4)

	
13.3 (2)

	
13.3 (2)




	
>10.1%

	
15

	
20 (3)

	
60 (9)

	
0 (0)

	
20 (3)




	
OUTCOME

	

	

	

	

	

	




	
without complications

	
12

	
33.3 (4)

	
41.7 (5)

	
8.3 (1)

	
16.7 (2)

	
0.588




	
with <3 complications

	
37

	
29.7 (11)

	
35.1 (13)

	
16.2 (6)

	
21.6 (8)




	
≥3 complications

	
18

	
27.8 (5)

	
55.5 (10)

	
0 (0)

	
16.7 (3)








RT: radiotherapy. Gy: grays. Values with different letters in the same line indicate significant differences between the groups (p < 0.05).













 





Table 4. Relation between complications and the prognostic scores in the first assessment of patients.






Table 4. Relation between complications and the prognostic scores in the first assessment of patients.





	
Variables

	
Total Patients (n = 67)

	
Score 0 (n = 19/28.4%)

	
Score 1 (n = 28/41.8%)

	
Score 2 (n = 7/10.4%)

	
Score 3 (n = 13/19.4%)

	
p-Value






	
Alteration in consistency

	

	

	

	

	

	




	
YES

	
16

	
43.8 (7)

	
31.3 (5)

	
0 (0)

	
25 (4)

	
0.183




	
NO

	
51

	
23.5 (12)

	
45.1 (23)

	
13.7 (7)

	
17.6 (9)




	
Alteration in volume

	

	

	

	

	

	




	
YES

	
45

	
31.1 (14)

	
46.7 (21)

	
4.4 (2)

	
17.8 (8)

	
0.109




	
NO

	
22

	
22.7 (5)

	
31.8 (7)

	
22.7 (5)

	
22.7 (5)




	
Alternative feeding route

	

	

	

	

	

	




	
YES

	
11

	
27.3 (3)

	
54.5 (6)

	
0 (0)

	
18.2 (2)

	
0.593




	
NO

	
56

	
28.6 (16)

	
39.3 (22)

	
12.5 (7)

	
19.6 (11)




	
Hospital admission

	

	

	

	

	

	




	
YES

	
12

	
16.7 (2)

	
50 (6)

	
8.3 (1)

	
25 (3)

	
0.744




	
NO

	
55

	
30.9 (17)

	
40 (22)

	
10.9 (6)

	
18.2 (10)




	
Treatment interruption

	

	

	

	

	

	




	
YES

	
29

	
17.2 (5)

	
44.8 (13)

	
17.2 (5)

	
20.7 (6)

	
0.200




	
NO

	
38

	
36.8 (14)

	
39.5(15)

	
5.3 (2)

	
18.4 (8)




	
Mucositis

	

	

	

	

	

	




	
YES

	
29

	
31(9)

	
41.4 (12)

	
0 (0)

	
27.6 (8)

	
0.065




	
NO

	
38

	
26.3 (10)

	
42.1 (16)

	
18.4 (7)

	
13.2 (5)




	
Dermatitis

	

	

	

	

	

	




	
YES

	
49

	
26.5 (13)

	
49 (25)

	
8.2 (4)

	
16.3 (8)

	
0.234




	
NO

	
18

	
33.3 (6)

	
22.2 (4)

	
16.7 (3)

	
27.8 (5)




	
Dysphagia

	

	

	

	

	

	




	
YES

	
34

	
20.6 (7) a

	
52.9 (18) a

	
0 (0) b

	
26.5 (9) a

	
0.006




	
NO

	
33

	
36.4 (12) a

	
30.3 (10) a

	
21.2 (7) a

	
12.1 (4) a




	
Odynophagia

	

	

	

	

	

	




	
YES

	
5

	
0 (0)

	
40 (2)

	
0 (0)

	
60 (3)

	
0.082




	
NO

	
62

	
30.6 (19)

	
41.9 (26)

	
11.3 (7)

	
16.1 (10)




	
Xerostomia

	

	

	

	

	

	




	
YES

	
13

	
46.15 (6)

	
46.15 (6)

	
0 (0)

	
7.7 (1)

	
0.195




	
NO

	
54

	
24.1 (13)

	
40.7 (22)

	
13 (7)

	
22.2 (12)




	
Diarrhea

	

	

	

	

	

	




	
YES

	
11

	
36.3 (4)

	
36.3 (4)

	
27.3 (3)

	
0 (0)

	
0.080




	
NO

	
56

	
26.8 (15)

	
42.9 (24)

	
7.1 (4)

	
23.2 (13)








Values with different letters in the same line indicate significant difference between the groups (p < 0.05).













 





Table 5. Relation between complications and PG-SGA and PNI scores of patients in the first assessment.






Table 5. Relation between complications and PG-SGA and PNI scores of patients in the first assessment.





	
Variables

	
Total (n = 67)

	
SGA-A (n = 26/38.8%)

	
SGA-B and C (n = 41/61.2%)

	
p-Value

	
PNI ≤ 45.56 (n = 19/28.4%)

	
PNI > 45.56 (n = 48/71.6%)

	
p-Value






	
Alteration of consistency

	

	

	

	
0.642

	

	

	
0.328




	
YES

	
16

	
26.9 (7)

	
22 (9)

	
15.8 (3)

	
27.1 (13)




	
NO

	
51

	
73.1 (19)

	
78 (32)

	
84.2 (16)

	
72.9 (35)




	
Alteration in volume

	

	

	

	
0.435

	

	

	
0.030




	
YES

	
45

	
61.5 (16)

	
70.7 (29)

	
47.4 (9) a

	
75 (36) b




	
NÃO

	
22

	
38.5 (10)

	
29.3 (12)

	
52.6 (10) a

	
25 (12) b




	
Alternative feeding route

	

	

	

	
0.391

	

	

	
0.413




	
YES

	
11

	
11.5 (3)

	
19.5 (8)

	
10.5 (2)

	
18.8 (9)




	
NO

	
56

	
88.5 (23)

	
80.5 (33)

	
89.5 (17)

	
81.2 (39)




	
Hospital admission

	

	

	

	
0.279

	

	

	
0.673




	
YES

	
12

	
11.5 (3)

	
22 (9)

	
21.1 (4)

	
16.7 (8)




	
NO

	
55

	
88.5 (23)

	
78 (32)

	
78.9 (15)

	
83.3 (40)




	
Treatment interruption

	

	

	

	
0.526

	

	

	
0.129




	
YES

	
29

	
38.5 (10)

	
46.3 (19)

	
57.9 (11)

	
37.5 (18)




	
NO

	
38

	
61.5 (16)

	
53.7 (22)

	
42.1 (8)

	
62.5 (30)




	
Mucositis

	

	

	

	
0.254

	

	

	
0.503




	
YES

	
29

	
34.6 (9)

	
48.8 (20)

	
36.8 (7)

	
45.8 (22)




	
NO

	
38

	
65.4 (17)

	
51.2 (21)

	
63.2 (12)

	
54.2 (26)




	
Dermatitis

	

	

	

	
0.254

	

	

	
0.077




	
YES

	
49

	
65.4 (17)

	
78 (32)

	
57.9 (11)

	
79.2 (38)




	
NO

	
18

	
34.6 (9)

	
22 (9)

	
42.1 (8)

	
20.8 (10)




	
Dysphagia

	

	

	

	
0.002

	

	

	
0.373




	
YES

	
34

	
26.9 (7) a

	
65.9 (27) b

	
42.1 (8)

	
54.2 (26)




	
NO

	
33

	
73.1 (19) a

	
34.1 (14) b

	
57.9 (11)

	
45.8 (22)




	
Odynophagia

	

	

	

	
0.064

	

	

	
0.103




	
SIM

	
5

	
0 (0)

	
12.2 (5)

	
15.8 (3)

	
4.2(2)




	
NO

	
62

	
100 (26)

	
87.8 (36)

	
84.2 (16)

	
95.8 (46)




	
Xerostomia

	

	

	

	
0.542

	

	

	
0.066




	
YES

	
13

	
23.1 (6)

	
17.1 (7)

	
5.3 (1)

	
25 (12)




	
NO

	
54

	
76.9 (20)

	
82.9 (34)

	
94.7 (18)

	
75 (36)




	
Diarrhea

	

	

	

	
0.065

	

	

	
0.930




	
YES

	
11

	
26.9 (7)

	
9.8 (4)

	
15.8 (3)

	
16.7 (8)




	
NO

	
56

	
73.1 (19)

	
90.2 (37)

	
84.2 (16)

	
83.3 (40)




	
OUTCOME

	

	

	

	

	

	

	
0.347




	
Without complications

	
12

	
19.2 (5)

	
17.1 (7)

	
0.530

	
15.8 (3)

	
18.8 (9)




	
With <3 complications

	
37

	
61.5 (16)

	
51.2 (21)

	
68.4 (13)

	
50 (24)




	
With ≥3 complications

	
18

	
19.2 (5)

	
31.7 (13)

	
15.8 (3)

	
31.3 (15)








SGA: Subjective Global Assessment. PNI: Prognostic Nutritional Index. Values with different letters in the same line indicate significant difference between the groups (p < 0.05).













 





Table 6. Relations between complications associated with the second prognostic score in patients in the second assessment.
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Variables

	
Total of Patients (n = 42)

	
Score 0 (n = 5/11.9%)

	
Score 1 (n = 7/16.7%)

	
Score 2 (n = 4/9.5%)

	
Score 3 (n = 26/61.9%)

	
p-Value






	
Consistence alteration

	

	

	

	

	

	




	
YES

	
13

	
7.7 (1)

	
23.1 (3)

	
0 (0)

	
69.2 (9)

	
0.440




	
NO

	
29

	
13.8 (4)

	
13.8 (4)

	
13.8 (4)

	
58.6 (17)




	
Volume alteration

	

	

	

	

	

	




	
YES

	
31

	
3.2 (1) b

	
16.1 (5)

	
9.7 (3)

	
71 (22) a

	
0.028




	
NO

	
11

	
36.3 (4) a

	
18.2 (2)

	
9.1 (1)

	
36.3 (4) b




	
Alternative feeding route

	

	

	

	

	

	




	
YES

	
10

	
0 (0)

	
0 (0)

	
10 (1)

	
90 (9)

	
0.143




	
NO

	
32

	
15.6 (5)

	
21.9 (7)

	
9.4 (3)

	
53.1 (17)




	
Hospital admission

	

	

	

	

	

	




	
YES

	
6

	
16.7 (1)

	
0 (0)

	
0 (0)

	
83.3 (5)

	
0.478




	
NO

	
36

	
11.1 (4)

	
19.4 (7)

	
11.1 (4)

	
58.3 (21)




	
Treatment interruption

	

	

	

	

	

	




	
YES

	
18

	
11.1 (2)

	
0 (0) b

	
5.6 (1)

	
83.3 (15) b

	
0.044




	
NO

	
24

	
12.5 (3)

	
29.2 (7) a

	
12.5 (3)

	
45.8 (11) a




	
Mucositis

	

	

	

	

	

	




	
YES

	
23

	
13 (3)

	
13 (3)

	
4.3 (1)

	
69.6 (16)

	
0.500




	
NO

	
19

	
10.5 (2)

	
21.1 (4)

	
15.8 (3)

	
52.6 (10)




	
Dermatitis

	

	

	

	

	

	




	
YES

	
33

	
6.1 (2)

	
21.2 (7)

	
9.1 (3)

	
63.6 (21)

	
0.092




	
NO

	
9

	
33.3 (3)

	
0 (0)

	
11.1 (1)

	
55.6 (5)




	
Dysphagia

	

	

	

	

	

	




	
YES

	
27

	
3.7 (1) b

	
11,1(3)

	
3.7 (1)

	
81.5 (22) b

	
0.005




	
NO

	
15

	
26.7 (4) a

	
26.7 (4)

	
20 (3)

	
26.7 (4) a




	
Odynophagia

	

	

	

	

	

	




	
YES

	
2

	
0 (0)

	
0 (0)

	
0 (0)

	
100 (2)

	
0.731




	
NO

	
40

	
12.5 (5)

	
17.5 (7)

	
10 (4)

	
60 (24)




	
Xerostomia

	

	

	

	

	

	




	
YES

	
11

	
0 (0)

	
18.2 (2)

	
0 (0)

	
81.8 (9)

	
0.244




	
NO

	
31

	
16.1 (5)

	
16.1 (5)

	
12.9 (4)

	
54.8 (17)




	
Diarrhea

	

	

	

	

	

	




	
YES

	
5

	
20 (1)

	
20 (1)

	
0 (0)

	
60 (3)

	
0.827




	
NO

	
37

	
10.8 (4)

	
16.2 (6)

	
10.8 (4)

	
62.2 (23)




	
OUTCOME

	

	

	

	

	

	




	
Without complications

	
6

	
33.3 (2)

	
33.3 (2)

	
16.7 (1)

	
16.7 (1)

	
0.059




	
With <3 complications

	
23

	
8.7 (2)

	
21.7 (5)

	
13 (3)

	
56.4 (13)




	
With ≥3 complications

	
13

	
7.7 (1)

	
0 (0)

	
0 (0)

	
92.3 (12)








Values with different letters in the same line indicate significant difference between the groups (p < 0.05).













 





Table 7. Relation between complications and PG-SGA and PNI scores of patients in the second assessment.






Table 7. Relation between complications and PG-SGA and PNI scores of patients in the second assessment.















	Variables
	Total (n = 42)
	SGA-A (n = 9/21.4%)
	SGA-B and C (n = 33/78.6%)
	p-Value
	PNI ≤ 45.56 (n = 30/71.4%)
	PNI > 45.56 (n = 12/28.6%)
	p-Value





	Alteration in consistency
	
	
	
	
	
	
	



	YES
	13
	11.1 (1)
	36.4 (12)
	0.146
	30 (9)
	33.3 (4)
	0.833



	NO
	29
	88.9 (8)
	63.6 (21)
	
	70 (21)
	66.7 (8)
	



	Alteration in volume
	
	
	
	
	
	
	



	YES
	31
	44.4 (4) a
	81.8 (27) b
	0.024
	83.3 (25) a
	50 (6) b
	0.026



	NO
	11
	55.6 (5) a
	18.2 (6) b
	
	16.7 (5) a
	50 (6) b
	



	Alternative feeding route
	
	
	
	
	
	
	



	YES
	10
	11.1 (1)
	27.3 (9)
	0.313
	33.3 (10) a
	0 (0) b
	0.022



	NO
	32
	88.9 (8)
	72.7 (24)
	
	66.7 (20) a
	100 (12) b
	



	Hospital admission
	
	
	
	
	
	
	



	YES
	6
	11.1 (1)
	15.2 (5)
	0.759
	16.7 (5)
	8.3 (1)
	0.486



	NO
	36
	88.9 (8)
	84.8 (28)
	
	83.3 (25)
	91.7 (11)
	



	Treatment interruption
	
	
	
	
	
	
	



	YES
	18
	33.3 (3)
	45.5 (15)
	0.515
	53.3 (16) a
	16.7 (2) b
	0.030



	NO
	24
	66.7 (6)
	51.5 (18)
	
	46.7 (14) a
	83.3 (10) b
	



	Mucositis
	
	
	
	
	
	
	



	YES
	23
	44.4 (4)
	57.6 (19)
	0.483
	56.7 (17)
	50 (6)
	0.695



	NO
	19
	55.6 (5)
	42.4 (14)
	
	43.3 (13)
	50 (6)
	



	Dermatitis
	
	
	
	
	
	
	



	YES
	33
	55.6 (5)
	84.8 (28)
	0.058
	80 (24)
	75 (9)
	0.721



	NO
	9
	44.4 (4)
	15.2 (5)
	
	20 (6)
	25 (3)
	



	Dysphagia
	
	
	
	
	
	
	



	YES
	27
	22.2 (2) a
	75.8 (25) b
	0.003
	76.7 (23) a
	33.3 (4) b
	0.008



	NO
	15
	77.8 (7) a
	24.2 (8) b
	
	23.3 (7) a
	66.7 (8) b
	



	Odynophagia
	
	
	
	
	
	
	



	YES
	2
	0 (0)
	6.1 (2)
	0.449
	6.7 (2)
	0 (0)
	0.359



	NO
	40
	100 (9)
	93.9 (31)
	
	93.3 (28)
	100 (12)
	



	Xerostomia
	
	
	
	
	
	
	



	YES
	11
	0 (0) a
	33.3 (11) b
	0.044
	30 (9)
	16.7 (2)
	0.375



	NO
	31
	100 (9) a
	66.7 (22) b
	
	70 (21)
	83.3 (10)
	



	Diarrhea
	
	
	
	
	
	
	



	YES
	5
	11.1 (1)
	12.1 (4)
	0.934
	10 (3)
	16.7 (2)
	0.547



	NO
	37
	88.9 (8)
	87.9 (29)
	
	90 (27)
	83.3 (10)
	



	Outcome
	
	
	
	
	
	
	



	without complications
	6
	33.3 (3)
	9.1 (3)
	0.530
	6.7 (2) a
	33.3 (4) b
	0.029



	With <3 complications
	23
	55.6 (5)
	54.5 (18)
	
	53.3 (16) a
	58.3 (7) a
	



	≥3 complications
	13
	11.1 (1)
	36.4 (12)
	
	40 (12) a
	8.3 (1) b
	







SGA: Subjective Global assessment. PNI: Prognostic Nutritional Index. Values with different letters in the same line indicate significant difference between the groups (p < 0.05).
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