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Background: This study aimed to investigate the value of the Geriatric

Nutritional Risk Index (GNRI), prognostic nutritional index (PNI), and advanced

lung cancer inflammation index (ALI) scores in detecting malnutrition in

patients with rectal cancer; the Global Leadership Initiative on Malnutrition

(GLIM) was used as the reference criterion.

Materials and methods: This study included patients with rectal cancer who

underwent proctectomy. GNRI, PNI, and ALI were calculated to detect the

GLIM-defined malnutrition using the Receiver operating characteristic (ROC)

curves. Univariate and multivariate logistic regression analyses were used

to evaluate the association between the nutritional tools and postoperative

complications. Kaplan-Meier survival curves, log-rank tests, and univariate

and multivariate Cox regression analyses were used to clarify the relationship

between nutritional tools and overall survival (OS).

Results: This study enrolled 636 patients with rectal cancer. The GNRI

demonstrated the highest sensitivity (77.8%), pretty specificity (69.0%), and the

largest AUC (0.734). The GNRI showed good property in predicting major

postoperative complications. All three nutritional tools were independent

predictors of OS.

Conclusion: The GNRI can be used as a promising alternative to the GLIM and

is optimal in perioperative management of patients with rectal cancer.
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Introduction

The third most common form of cancer is colorectal

cancer (CRC), but the CRC-related mortality rate ranks

second. In 2020, an estimated 1.9 million cases and 935,000

deaths will be attributed to colorectal cancer (including

anal cancer), representing approximately one in 10 cancer

cases and deaths (1). Patients with cancer often experience

malnutrition, which is related with increased postoperative

complications and mortality (2, 3). Thus, the nutritional

status of patients with cancer should be assessed, and

nutritional interventions should be provided as necessary in the

perioperative period.

Many approaches have been used to screen and assess

malnutrition. Additionally, quantitative nutritional tools

have been developed to predict adverse outcomes. The

geriatric nutritional risk index (GNRI) is an easy screening

nutritional tool that combines serum albumin levels with

ideal body weight to assess nutritional risk (4). The GNRI

is related with poor prognosis in various malignancies

and can be applied not only in elderly patients but also

in young patients (5). The prognostic nutritional index

(PNI), based on total lymphocyte counts and serum albumin

levels, has been shown to be a prognostic indicator in

many types of malignancies (6). The advanced lung cancer

inflammation index (ALI), which is composed of serum

albumin levels, neutrophil-lymphocyte ratio (NLR) and body

mass index (BMI), is related with the poor outcomes in

patients with different types of cancer (7–9). Based on the

routine examination of biochemical and anthropometric

measurements, all quantitative and objective nutritional tools

facilitate the simplification of nutritional assessment and

dynamic surveillance.

Despite the fact that malnutrition poses a major global

health concern linked to an increased risk of morbidity,

mortality, and costs, the clinical diagnostic criteria have not

been universally agreed upon. To find an approach to secure

broad global acceptance, the Global Leadership Initiative on

Malnutrition (GLIM) has established a new consensual criteria

report to build universal criteria for malnutrition diagnosis

(10). GLIM is a two-step model for risk screening and

diagnostic assessment. Since its introduction, the GLIM has

been validated in a variety of diseases, including cancer,

chronic liver disease, chronic kidney disease, and heart

failure (11–14).

Quantitative nutritional tools have not been validated

with the standard malnutrition diagnosis criteria as

a reference for patients with rectal cancer. Therefore,

we aimed to investigate the value of the GNRI,

PNI, and ALI scores in detecting malnutrition using

the GLIM as a reference criterion in patients with

rectal cancer.

Materials and methods

Patients

This study included patients with rectal cancer who

underwent proctectomy between January 2013 and April 2019

at the Anorectal Surgery Department of the Second Affiliated

Hospital and Yuying Children’s Hospital of Wenzhou Medical

University. Inclusion criteria included the following: (1) age

≥ 18 years, (2) American Society of Anesthesiologists (ASA)

grade ≤ III, and (3) available preoperative abdominal CT

scans. Patients with metastatic cancer were excluded from

this study. The data collection protocol for this study was

approved by the Ethics Committee of the Second Affiliated

Hospital and Yuying Children’s Hospital of Wenzhou Medical

University (LCKY2020–209). Informed consent was obtained

from all participants.

Data collection

Data was collected on the following parameters: (1)

general features, including age, gender, height, weight, BMI,

Charlson comorbidity index (CCI) score, ASA grade, and

previous abdominal surgery; (2) laboratory features, including

hemoglobin, albumin, neutrophil, lymphocyte, and NLR;

(3) clinicopathological features, including tumor size, tumor

location, tumor differentiation, tumor stage, node stage,

and pathological tumor node metastasis (TNM); and (4)

postoperative short-term and long-term outcomes, including

postoperative major complications [major complications

classified as Clavien–Dindo classification grade ≥ II.

Complications of the highest grade were recorded when more

than one type of complication occurred (15)] and mortality.

Assessment of skeletal muscle index

Using specialized imaging software (INFINITT Healthcare

Co, Ltd), preoperative abdominal CT images at the third lumbar

vertebra (L3) level were obtained to determine skeletal muscle

mass. Muscle tissues were identified using a Hounsfield unit

(HU) threshold ranging from −29 to 150. Skeletal muscle index

(SMI) was calculated as the cross-sectional area of the skeletal

muscle mass divided by the square of the height (m). SMI cut off

values were determined by our previous study (16).

Nutritional assessment

GLIM is a two-step model for diagnosing malnutrition. The

first step is to perform malnutrition risk screening to identify
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at-risk individuals. In this study, we used the Nutritional Risk

Screening 2002 (NRS 2002). NRS 2002 ≥ 3 was considered

to at risk of malnutrition. The second step requires at least

one of the three phenotypic criteria [non-volitional weight

loss, low BMI and reduced muscle mass] and one of the

two etiologic criteria (reduced food intake or assimilation and

disease burden/inflammation) for the diagnosis of malnutrition

(10). The definition of non-volitional weight loss is exceeding 5%

within 6 months or more than 10% beyond 6 months. Low BMI

was defined as BMI <18.5 kg/m2 if patients aged ≥ 70 years, or

BMI < 20 kg/m2 if patients aged < 70 years. Reduced muscle

mass was defined as low SMI. Malnutrition was diagnosed based

on the phenotypic criteria in this study, because one of the

etiologic criteria (disease burden) had already been met.

GNRI was calculated as follows: GNRI = 1.489 × albumin

(g/L) + 41.7 × present body weight/ideal body weight (the

ideal body weight was calculated using Lorentz equations) (4).

PNI formula was as follows: PNI = albumin (g/L) + 5 × total

lymphocyte count (109/L) (17). ALI was calculated using the

following formula: ALI = BMI × albumin (g/dL) / NLR (9).

According to Youden’s index, a GNRI < 98, PNI< 45.5, or ALI

< 40 were defined as malnutrition.

Follow-up

Follow-up with patients via telephone or outpatient visits

was regularly conducted from enrollment until death, or until

the end of the study in August 2022, or for more than 8

years. Patients were followed up 1 month after surgery, every

3 months for 2 years, and every 6 months thereafter. From the

date of surgery until the date of death, overall survival (OS)

was calculated.

Statistical analysis

In continuous variables, mean and standard deviation (SD)

or median and interquartile range (IQR) are shown. The

categorical variable is presented as number and proportion.

The optimal cutoff thresholds for the GNRI, PNI, and ALI are

determined by receiver operating characteristic (ROC) curves

with Youden’s index correction. Univariate and multivariate

logistic regression analyses are preformed to evaluate the

relationship between the nutritional tools and postoperative

complications. Kaplan-Meier survival curves, log-rank tests, and

univariate and multivariate Cox regression analyses are used

to clarify the association between nutritional tools and OS.

Multivariate analysis is conducted on factors with P < 0.10 in

the univariate analysis. Statistics assume significance when both

sides of the P-value are lower than 0.05. The data were analyzed

TABLE 1 The patients’ clinical characteristics.

Characteristics Overall (n = 636)

General feature

Age, median (IQR),

years

65 (17)

<65 305 (48.0)

≥65 331 (52.0)

Gender

Male 385 (60.5)

Female 251 (39.5)

Height, median

(IQR), m

1.64 (0.08)

Weight, median

(IQR), kg

60.99 (10.22)

SMI, mean (SD),

cm2/m2

42.57 (8.49)

BMI, median

(IQR), kg/m2

22.41 (4.07)

<18.5 72 (11.3)

18.5–23.9 369 (58.0)

≥24 195 (30.7)

Charlson comorbidity index

0 436 (68.6)

≥1 200 (31.4)

ASA grade

I 64 (10.1)

II 469 (73.7)

III 103 (16.2)

Previous abdominal surgery

No 578 (90.9)

Yes 58 (9.1)

Laboratory feature

Hemoglobin,

median (IQR), g/L

130 (21)

Albumin, median

(IQR), g/L

39.1 (5.4)

Neutrophil, median

(IQR), 109/L

3.69 (1.61)

Lymphocyte,

median (IQR),

109/L

1.74 (0.73)

Neutrophils/lymphocytes

ratio, median (IQR)

2.12 (1.34)

Clinicopathological feature

Tumor size, median

(IQR), cm

4.0 (2.0)

(Continued)
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TABLE 1 (Continued)

Characteristics Overall (n = 636)

Tumor location

Upper 501 (78.8)

Lower 135 (21.2)

Tumor differentiation

Well differentiated 554 (87.1)

Poorly

differentiated

82 (12.9)

Tumor stage

Tis, T1 58 (9.1)

T2 158 (24.8)

T3 353 (55.5)

T4 67 (10.5)

Node stage

N0 370 (58.2)

N1 162 (25.5)

N2 104 (16.3)

TNM stage

I, Tis 175 (27.5)

II 192 (30.2)

III 269 (42.3)

Nutrition-related

feature

43.22 (8.58)

NRS-2002

No nutritional risk 450 (70.8)

Nutritional risk 186 (29.2)

Phenotypic criteria

Weight loss 54 (8.5)

Low BMI 99 (15.6)

Low skeletal muscle

index

192 (30.2)

GLIM 114 (11.4)

Normal 478 (75.2)

Malnutrition 158 (24.8)

GNRI

Normal 365 (57.4)

Malnutrition 271 (42.6)

PNI

Normal 439 (69.0)

Malnutrition 197 (31.0)

ALI

Normal 338 (53.1)

Malnutrition 298 (46.9)

Values are shown as number (%) unless otherwise indicated. IQR, interquartile range; SD,

standard deviation; SMI, skeletal muscle index; BMI, body mass index; ASA, American

Society of Anesthesiologists; TNM, tumor node metastasis; GLIM, Global Leadership

Initiative on Malnutrition; GNRI, geriatric nutritional risk index; PNI, prognostic

nutritional index; ALI, advanced lung cancer inflammation index.

using SPSS version 26.0 and R software (version 4.2.1, https://

cran.r-project.org).

Results

This study enrolled 636 patients with rectal cancer. As

shown in Table 1, the median age was 65 years, median height

was 1.64m, median weight was 60.99 kg, mean SMI was 42.57

cm2/m2, and median BMI was 22.41 kg/m2; furthermore, there

were 385 (60.5%)male patients, and 200 (31.4) patients with CCI

≥1; the median tumor size was 4.0 cm, with 135 (21.2%) cases

of lower location, and 82 (12.9%) cases of poor differentiation.

There were 175 (27.5%) patients with TNM stage 0/I, 192

(30.2%) with stage II, and 269 (42.3%) with stage III. 158 (24.8%)

patients were GLIM-defined malnutrition, and the malnutrition

prevalence rates of GNRI, PNI, and ALI were 42.6, 31.0, and

46.9%, respectively.

Figure 1 shows the relationship between the nutritional tools

and GLIM-defined malnutrition. Of the 24.8% of the cohort

with GLIM-defined malnutrition, 19.3% were categorized

as malnutrition by the GNRI, 10.5% were categorized as

malnutrition by the PNI, and 16.4% were categorized as

malnutrition by the ALI. A cross-tabulation of the nutritional

tools and GLIM-defined malnutrition results is provided in

Table 2.

Table 3 illustrates the sensitivity, specificity, positive

predictive value, negative predictive value, positive likelihood

ratio, negative likelihood ratio, and area under the curve

(AUC) of the nutritional tools for identifying GLIM-defined

malnutrition. The GNRI demonstrated the highest sensitivity

(77.8%), pretty specificity (69.0%), and the largest AUC (0.734).

As shown in Table 4, GLIM [odds ratio (OR): 1.735, 95%

confidence interval (CI): 1.165–2.585; P = 0.007] and GNRI

(OR: 1.647, 95% CI: 1.143–2.373; P = 0.007) were associated

with postoperative complications in the univariate analysis. In

the subsequent multivariate analysis, GLIM (OR: 1.865, 95%

CI: 1.243–2.797; P = 0.003) and GNRI (OR: 1.669, 95% CI:

1.154–2.415; P = 0.007) were still associated with postoperative

complications. Details of postoperative complications are shown

in Supplementary Table 1.

There were 135 deaths (21.2%) during follow-up. The

median follow-up time was 4.94 years (IQR: 3.38–6.70). Figure 2

showed the Kaplan-Meier curves for overall survival by the

category of each tool in rectal cancer. As shown in Table 5,

GLIM (OR: 2.129, 95% CI: 1.542–2.872; P < 0.001), GNRI (OR:

1.975, 95% CI: 1.404–2.778; P < 0.001), PNI (OR: 1.871, 95%

CI: 1.330–2.631; P < 0.001), and (OR: 1.862, 95% CI: 1.321–

2.625; P < 0.001) were associated with worse OS. Considering

the confounding factors in the multivariate analysis, GLIM (OR:

1.650, 95% CI: 1.147–2.375; P = 0.007), GNRI (OR: 1.478,

95% CI: 1.037–2.107; P = 0.031), PNI (OR: 1.539, 95% CI:
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FIGURE 1

The relationship between GLIM and other nutritional tools. The relationship between GLIM and (A) GNRI, (B) PNI, (C) ALI. GLIM, Global Leadership

Initiative on Malnutrition; GNRI, geriatric nutritional risk index; PNI, prognostic nutritional index; ALI, advanced lung cancer inflammation index.

TABLE 2 Cross tabulation of the results of nutritional tools and GLIM.

Nutrition screening tool GLIM-malnutrition Normal

GNRI

Score < 98 (malnutrition) 123 (19.3) 148 (23.3)

Score ≥ 98 (normal) 35 (5.5) 330 (51.9)

PNI

Score < 45.5 (malnutrition) 67 (10.5) 130 (20.5)

Score ≥ 45.5 (normal) 91 (14.3) 348 (54.7)

ALI

Score < 400 (malnourished) 104 (16.4) 194 (30.5)

Score ≥ 400 (normal) 54 (8.5) 284 (44.6)

Values are shown as number (%). GLIM, Global Leadership Initiative on Malnutrition;

GNRI, geriatric nutritional risk index; PNI, prognostic nutritional index; ALI, advanced

lung cancer inflammation index.

TABLE 3 Statistical evaluations of the nutritional tools compared with

GLIM criteria for the diagnosis of malnutrition.

GNRI PNI ALI

Sensitivity (%) 77.8 42.4 65.8

Specificity (%) 69.0 72.8 59.4

Positive predictive value (%) 45.4 34.0 34.9

Negative predictive value (%) 90.4 79.3 84.0

Positive likelihood ratio 2.5 1.6 1.6

Negative likelihood ratio 0.3 0.8 0.6

AUC 0.734 0.576 0.626

GLIM, Global Leadership Initiative on Malnutrition; GNRI, geriatric nutritional risk

index; PNI, prognostic nutritional index; ALI, advanced lung cancer inflammation index.

AUC, area under the curve.

1.082–2.189; P = 0.016), and ALI (OR: 1.620, 95% CI: 1.143–

2.297; P = 0.007) were still associated with worse OS.

Discussion

To our knowledge, this is the first study to investigate

three nutritional tools GNRI, PNI, and ALI in detecting GLIM-

defined malnutrition in patients with rectal cancer. The GNRI

TABLE 4 Univariate and multivariate logistic regression analysis of the

association between the nutritional tools and postoperative

complications.

Univariate analysis Multivariate analysisa

Tools HR (95% CI) P HR (95% CI) P

GLIM

Normal Reference Reference

Malnutrition 1.735 (1.165–2.585) 0.007* 1.865 (1.243–2.797) 0.003*

GNRI

Normal Reference Reference

Malnutrition 1.647 (1.143–2.373) 0.007* 1.669 (1.154–2.415) 0.007*

PNI

Normal Reference

Malnutrition 1.096 (0.743–1.617) 0.645

ALI

Normal Reference

Malnutrition 1.403 (0.975–2.018) 0.068

*Statistically significant (P < 0.05). GLIM, Global Leadership Initiative on Malnutrition;

GNRI, geriatric nutritional risk index; PNI, prognostic nutritional index; ALI, advanced

lung cancer inflammation index. aAdjusted by age, gender, Charlson Comorbidity

Index, ASA grade, previous abdominal surgery, tumor size, tumor location, tumor

differentiation, TNM stage.

demonstrated the highest sensitivity (77.8%), pretty specificity

(69.0%), and the largest AUC (0.734). GNRI is associated

with postoperative complications and OS. Furthermore, all

three nutritional tools were independent predictors of OS.

The GNRI performs optimally among three nutritional tools,

and we anticipate that it will substitute for the GLIM in

specific situations.

The prevalence of GLIM-defined malnutrition ranged

widely from 11.9 to 87.9% (11). Different subgroups of patients

and different combinations of criteria in the GLIM criteria

can explain these variations. In this study, the prevalence of

GLIM-defined malnutrition was 24.8%, and other nutritional

tools classified 31.0–46.9% of patients with rectal cancer as

malnourished. Recently, Song et al. (3) reported that the
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FIGURE 2

Kaplan-Meier curves for overall survival by the category of each tool in rectal cancer. Kaplan-Meier curves (A) for the GLIM, (B) for the GNRI, (C)

for the PNI, and (D) for the ALI. GLIM, Global Leadership Initiative on Malnutrition; GNRI, geriatric nutritional risk index; PNI, prognostic

nutritional index; ALI, advanced lung cancer inflammation index.

prevalence of GLIM-defined malnutrition was 23.6% in patients

with colorectal cancer, which is similar to the prevalence

of GLIM-defined malnutrition in this study. Many previous

studies have demonstrated that malnutrition is both a short

and long-term risk factor. Malnutrition is a risk factor

for postoperative complications and mortality in various

malignancies, because malnutrition can affect the progression

and therapeutic responses of cancer (18–20). Malnutrition is

estimated to be responsible for 10–20% of deaths in patients with

cancer rather than the tumor itself (21). Therefore, it is essential

to assess the nutritional status of patients with cancer.

Previous studies compare the malnutrition risk screening

tools that identify whether patients “at risk” status, like the

NRS-2002, Malnutrition Universal Screening Tool (MUST),

Mini Nutritional Assessment Short Form (MNA-SF) Patient-

generated Subjective Global Assessment (PG-SGA) with the

GLIM criteria in patients with cancer (22, 23). However, we

do not believe that this is appropriate. GLIM emphasizes that

identifying “at risk” status using a validated screening tool is

the first key step in evaluating nutritional status. However,

Zhang et al. (22) diagnosed GLIM-defined malnutrition

without a first-step malnutrition risk screening. Huang et al.

(23) reported no clear indication of which nutritional risk

screening tool was used. Henriksen et al. (24) showed

that different numbers of patients were diagnosed with

malnutrition when different screening tools were used during

the first step of the GLIM process. Thus, we compared

three quantitative nutritional tools using the GLIM criteria

in patients with rectal cancer. During the current COVID-

19 pandemic, it has become more difficult to conduct

traditional nutritional assessments and interventions because

of social segregation and recommendations for reducing

close contact. Quantitative and objective nutritional tools

facilitate simplification of nutritional assessments and dynamic
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TABLE 5 Univariate and multivariate Cox regression analysis of the

association between the nutritional tools and overall survival.

Univariate analysis Multivariate analysisa

Tools HR (95% CI) P HR (95% CI) P

GLIM

Normal Reference Reference

Malnutrition 2.129 (1.542–2.872) < 0.001* 1.650 (1.147–2.375) 0.007*

GNRI

Normal Reference Reference

Malnutrition 1.975 (1.404–2.778) < 0.001* 1.478 (1.037–2.107) 0.031*

PNI

Normal Reference Reference

Malnutrition 1.871 (1.330–2.631) < 0.001* 1.539 (1.082–2.189) 0.016*

ALI

Normal Reference Reference

Malnutrition 1.862 (1.321–2.625) < 0.001* 1.620 (1.143–2.297) 0.007*

*Statistically significant (P < 0.05). GLIM, Global Leadership Initiative on Malnutrition;

GNRI, geriatric nutritional risk index; PNI, prognostic nutritional index; ALI, advanced

lung cancer inflammation index. aAdjusted by age, gender, BMI, Charlson Comorbidity

Index, ASA grade, previous abdominal surgery, tumor size, tumor location, tumor

differentiation, TNM stage.

surveillance. Therefore, it is important to validate these

nutritional tools.

In the present study, the GNRI was in good agreement

with the GLIM. This association may be explained by the

factors that constitute the indices. The GNRI is composed

of serum albumin, present body weight and ideal body

weight. Serum albumin levels have traditionally been considered

to reflect the nutritional status and protein reserves of a

person (25). There is also a close relationship between serum

albumin levels and systemic inflammation in patients with

cancer. Inflammatory cytokine levels surge as cancer cells

progress, resulting in the albumin synthesis suppression,

degradation promotion, and capillary escape (26). Therefore,

serum albumin as a supportive proxy measure of inflammation

is one of the etiologic criteria of GLIM (10). As for

the other factors of the GNRI, the parameter of present

body weight/ideal body weight cannot reflect the body

composition precisely, while it may describe skeletal muscle

mass macroscopically (4). In this study, the prevalence

of reduced mass index was 30.2%, which was the most

predominant of the three phenotypic criteria. This may explain

why the GNRI has high agreement with the GLIM. Consistent

with previous literature (5), we found that a low GNRI

was negatively associated with postoperative complications

and OS.

The PNI includes only two laboratory indicators

(serum albumin and lymphocytes), without any

anthropometric measurements. Serum albumin is

a reflection of nutritional status and inflammation.

Similar to serum albumin, lymphocytes reflect not only

nutritional status, but also systemic inflammation (27).

Accordingly, poor agreement with the GLIM for identifying

malnutrition may be reasonable. In the present study,

we found that PNI was associated with OS, but not with

postoperative complications.

ALI, consisting of BMI, albumin, and NLR, is a recently

described new tool for evaluating the nutritional status of

patients with tumors. The specific feature of this index is a

comprehensive formula that evaluates both nutritional status

and inflammation because covariates of both aspects are

included. Although BMI is used as a traditional nutritional

indicator is used in the etiologic criteria for GLIM, the

prevalence of low BMI is 15.6%. Huang et al. (28) reported

that the prevalence of GLIM-defined malnutrition cannot

be neglected by 11.9% of patients with obesity who have

cancer. These factors may have contributed to the poor

agreement between ALI and GLIM. Yin et al. (9) reported

that ALI is associated with postoperative surgical site

infection. Unfortunately, we did not classify postoperative

complications as infectious or non-infectious in this study.

In line with previous evidence, our study demonstrated that

ALI is an independent prognostic marker for OS in patients

with cancer.

This study has some limitations that should be considered.

Firstly, even though we successfully validated our internal

results, we did not conduct an external validation. Second,

the nutritional tools were evaluated only once on admission.

Dynamic changes in nutritional tools, which may be a

better predictor of worse outcomes, were not examined

in our study. Third, despite our attempts to minimize

confounding factors, the retrospective nature of our

analysis posed a risk of selection bias. Finally, this was

a retrospective study among Chinese patients with rectal

cancer, which may not be applicable to other ethnic

populations and regions. In the future, a multicenter

prospective study in different populations is required to

validate our findings.

Conclusion

In conclusion, this study demonstrated the superiority of

GNRI in identifying GLIM-defined malnutrition and predicting

postoperative complications in patients with PNI, and ALI.

Regardless of the nutritional tools used to assess the nutritional

status of the patients with rectal cancer, the OS of patients

with malnutrition was worse than that of patients without

malnutrition. Therefore, nutritional assessments should be

highlighted in the management of patients with rectal cancer.

In particular, the GNRI can be used as a promising alternative
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to the GLIM in some special situations, such as the current

COVID-19 pandemic.
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