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Background: The current systematic review aimed to evaluate the Malnutrition Universal Screening Tool (MUST) for its effective-
ness in determining patient outcomes (length of hospital stay, postoperative complications, infection rates, and survival) for colorectal
cancer.

Methods: Utilizing a comprehensive search strategy, this review mined literature up to December 2023 from the PubMed, Scopus,
and Embase databases. The focus was on identifying studies that scrutinize the prognostic value of MUST in relation to hospital
outcomes in colorectal cancer contexts. Adherence to PRISMA guidelines ensured a systematic approach, encompassing various study
designs and outcome measures.

Results: Among the seven studies incorporating 1950 patients, a significant correlation emerged between MUST scores and key
hospital outcomes. Specifically, patients categorized as high MUST risk faced longer hospital stays, with a mean length of stay for
high-risk patients extending up to 26.6 days compared to 14 days for those at lower risk. The prevalence of postoperative
complications was substantially higher in the high-risk group, with up to 41.4% of high MUST risk patients experiencing severe
complications (Clavien-Dindo 3—5) compared to 8.5% in the low-risk category. Notably, the review found that high MUST scores were
strongly predictive of increased postoperative complications and a prolonged hospital stay, underscoring the tool’s critical predictive
utility for quality of life and use in clinical settings.

Conclusions: Therefore, MUST’s capability to predict longer hospital stays and a higher incidence of postoperative complications
among high-risk patients highlights its essential function in preoperative evaluations and supports the integration of MUST into routine
clinical assessments.
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Introduction

Colorectal cancer (CRC) stands as the third most common cancer and the second leading cause of cancer death worldwide,
with an estimated 1.8 million new cases and 881,000 deaths in 2018."* The disease’s prognosis and treatment outcomes are
heavily influenced by the stage at diagnosis, with five-year survival rates ranging from 90% for stage I to around 14% for
stage IV.> Nutritional status can significantly influence both the progression of cancer and patient resilience to treatment
modalities such as surgery, chemotherapy, and radiation therapy.® Malnutrition, a common comorbidity in CRC, is
associated with a higher incidence of treatment complications, increased mortality, and reduced quality of life.'® The risk of
malnutrition in CRC patients increases due to factors such as tumor location, bowel obstruction, and treatment side effects,
which can lead to decreased food intake, nutrient malabsorption, and metabolic alterations. "’
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Malnutrition is a critical but often under-recognized condition that significantly impacts the associated comorbidities
and clinical outcomes in oncology.'* "> Despite advancements in oncological care, the prevalence of malnutrition among
these patients remains high, ranging from 30% to 85%, varying with the stage of cancer, the age of patients, the
measurement tools used, and the healthcare setting.'®!” Malnutrition and cancer cachexia in CRC patients is associated
with numerous adverse outcomes, including increased postoperative complications, higher infection rates, longer hospital
stays, and, most importantly, decreased survival rates.'®** The Malnutrition Universal Screening Tool (MUST),
developed by the British Association for Parenteral and Enteral Nutrition, offers a practical approach to identify
individuals at risk of malnutrition.” It incorporates BMI, unintentional weight loss, and the effect of acute disease on
dietary intake to generate an overall risk score.

Malnutrition remains a significant global health challenge, affecting approximately 11% of the global adult popula-
tion, with higher rates in low-income regions. Among patients with cancer, malnutrition is particularly prevalent and
problematic, affecting up to 85% of patients with advanced malignancies such as colorectal cancer.'®'” This high
incidence is due to the combined effects of the disease itself, the metabolic demands of growing tumors, and the side
effects of cancer treatments, which can impair nutrient intake and absorption. Clinically, malnutrition in cancer patients is
associated with poorer outcomes, including reduced response to therapy, higher complication rates, and decreased
survival. Current practices to combat malnutrition in oncology include nutritional screening at diagnosis and throughout
treatment, dietary counseling, and the use of enteral or parenteral nutrition when necessary.

The significance of early and accurate nutritional risk identification in colorectal cancer patients cannot be overstated.
The MUST, by design, is non-invasive, quick, and requires minimal training to administer, making it an ideal validated
screening tool in various healthcare settings.”* Research has shown that early nutritional interventions in malnourished
cancer patients can improve treatment tolerance, enhance quality of life, and potentially improve survival outcomes.”> %’
However, the effectiveness of MUST as a predictor for hospital outcomes in this specific population of patients with CRC
is still unclear, underscoring the need for a systematic review of the literature to consolidate current evidence and
ascertain the predictive value of MUST in this context.

MUST utilizes three key parameters: body mass index (BMI), unintentional weight loss over a specified time, and the
impact of an acute disease process on nutritional intake for more than 5 days. The MUST evaluates nutritional risk based
on a patient’s BMI, recent weight loss over 3—6 months, and inability to eat due to acute disease for more than 5 days,
assigning scores to categorize patients into low (score = 0), moderate (score = 1), or high malnutrition risk (score > 2).
MUST boasts high sensitivity (96%) and specificity (75%) against the Subjective Global Assessment (SGA) and is
praised for its simplicity and quick completion time of 3—5 minutes by healthcare professionals.

Therefore, the primary objective of this systematic review is to evaluate the effectiveness of MUST as assessment tool
and predictor for hospital outcomes in patients with colorectal cancer. Specifically, it aims to assess the association
between MUST risk categories and clinical outcomes, including but not limited to, length of hospital stay, postoperative
complications, infection rates, and survival. Through this review, the clinical utility of these findings is to provide
evidence-based recommendations for the use of MUST in the clinical management of colorectal cancer, with the goal of
improving patient outcomes and quality of care.

Material and Methods
Protocol and Registration

To ensure an exhaustive and nuanced search of the literature regarding the effectiveness of the Malnutrition Universal
Screening Tool (MUST) in predicting hospital outcomes for patients with colorectal cancer, this study employed a refined
search strategy across multiple critical electronic databases, including PubMed, Scopus, and Embase. This strategy aimed
to include literature published up until December 2023 to incorporate the most current studies on the topic. The focus of
the search strategy was to collect relevant literature that evaluates the predictive accuracy of MUST in the context of
colorectal cancer, specifically regarding hospital outcomes such as postoperative complications, infection rates, length of

stay, and overall survival.
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The search strategy was comprehensive, incorporating an extensive array of keywords and phrases closely related to
the study’s objectives. These included terms related to malnutrition screening, the specific tool in question (MUST),
colorectal cancer, and a variety of hospital outcomes. Specific search terms used were: “Malnutrition Universal Screening

EERNT3 99 <

Tool”, “MUST”, “colorectal cancer”, “colorectal neoplasms”, “hospital outcomes”, “nutritional screening”, “malnutrition

EE N3 EEINT3

assessment”, “clinical outcomes”, “surgical outcomes”, “treatment outcomes”, “postoperative complications”, “post-
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operative recovery”, “surgical infections”, “length of hospital stay”, “hospital readmission”, “patient survival”, “survival
analysis”, “nutritional status”, “nutritional interventions in cancer care”, “impact of malnutrition on cancer treatment”,
and “predictive value of nutritional screening tools”.

Boolean operators (AND, OR, NOT) were strategically used to combine these terms in a manner that would refine the
search results, ensuring relevance and specificity to the research question. The search query was structured to encompass
various combinations and permutations of these terms to capture the broadest possible range of pertinent studies. For example,
the search string might look something like this: (“Malnutrition Universal Screening Tool” OR “MUST””) AND (“colorectal
cancer” OR “colorectal neoplasms”) AND (“hospital outcomes” OR “clinical outcomes” OR “surgical outcomes” OR
“postoperative complications” OR “length of hospital stay” OR “hospital readmission” OR “patient survival”) AND
(“nutritional screening” OR “malnutrition assessment” OR “nutritional status”) AND (“nutritional interventions in cancer
care” OR “impact of malnutrition on cancer treatment” OR “predictive value of nutritional screening tools™).

Following the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines,”® this
systematic review protocol was developed to ensure a structured, transparent, and replicable methodology. To promote the
openness and accessibility of our research process and findings, the review has been registered with the Open Science
Framework (OSF), which provides a platform for sharing our methodology and outcomes with the wider research community.
The review’s OSF registration code is osf.io/yvndp. This detailed and expansive search strategy is intended to compile
a comprehensive collection of studies, facilitating a thorough understanding of MUST’s role in predicting hospital outcomes
for colorectal cancer patients, thereby enriching the evidence base for clinical practice and future research.

Eligibility Criteria and Definitions

The eligibility criteria for this systematic review were meticulously established to identify studies that investigate the
effectiveness of the MUST questionnaire as a predictor for hospital outcomes in patients with colorectal cancer.
Consequently, this review incorporated the following inclusion criteria: (1) Study population: Studies must involve
patients diagnosed with colorectal cancer, without restrictions on the stage of cancer or age of patients, to encompass
a broad spectrum of clinical scenarios. (2) Focus on MUST and hospital outcomes: Research must specifically explore the
use of MUST for nutritional screening and its predictive value for hospital outcomes, including but not limited to length
of hospital stay, postoperative complications, infection rates, and survival. This includes studies assessing malnutrition
risk, nutritional interventions based on MUST scores, and correlations between MUST scores and clinical outcomes. (3)
Types of studies: A wide variety of study designs are eligible, including randomized controlled trials, observational
studies, cohort studies, case-control studies, cross-sectional studies, and prospective and retrospective analyses. These
studies should provide clear methodologies on the implementation of MUST and the assessment of hospital outcomes. (4)
Outcome measures: Studies that employ MUST as an assessment tool and provide clear, quantifiable outcomes regarding
hospital stays, complications, infection rates, or survival rates. This can include direct comparisons of MUST scores with
clinical outcomes and the impact of nutritional interventions guided by MUST. (5) Language: Only peer-reviewed
articles published in English will be included to ensure the feasibility of comprehensive review and analysis.

The exclusion criteria were defined as follows: (1) Non-human studies: Research involving in vitro or animal models will
be excluded to maintain the focus on clinical outcomes in human patients. (2) Broad nutritional focus: Studies not specifically
examining the use of MUST in colorectal cancer patients, or those that do not distinguish the outcomes of using MUST from
other nutritional screening tools, will be excluded. (3) Lack of specific outcomes: Studies that do not provide clear, measurable
outcomes related to the predictive value of MUST for hospital outcomes or lack sufficient detail for a thorough analysis will be
omitted. (4) Grey literature: To ensure the integrity and reliability of the review, grey literature, including non-peer-reviewed
articles, conference abstracts, general reviews, commentaries, and editorials, will be excluded.
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Definitions
In this systematic review, the MUST survey is defined as a standardized tool aimed at identifying adults who are
malnourished or at risk of malnutrition. The choice of MUST for this review is based on its widespread recognition and
application in both hospital and community settings, and its potential impact on the management and outcomes of
patients with colorectal cancer.

Nutritional screening in oncology, specifically in the context of colorectal cancer, refers to the process of identifying
patients who are malnourished or at risk of malnutrition to facilitate early interventions.

Data Collection Process

The data collection process for this systematic review began with the identification and removal of 148 duplicate entries from
the initial search results across PubMed, Scopus, and Embase databases. Subsequently, two independent reviewers conducted
a meticulous screening of abstracts and titles from a preliminary tally of 1198 articles, using predefined inclusion and
exclusion criteria focused on the utilization of the MUST tool in predicting hospital outcomes for colorectal cancer patients.
This step was crucial to ensure that the studies selected were directly relevant to the review’s objectives. Any discrepancies
encountered between the reviewers were resolved through discussion or, when needed, by consulting a third reviewer to reach
a consensus. This process led to the selection of 355 articles deemed potentially relevant. Following a detailed full-text review,
7 studies were ultimately included in the review, as presented in Figure 1. This selection strategy was designed to ensure that

Records excluded before

. Records identified from screening based on title and
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= electronic databases: ;

S PubMed (n = 479) —»| - Title not relevant to the

g Scopus (n = 313) research question (n = 618)

g Embase (n = 406) - Reviews, Meta-analysis,

© TOTAL (n = 1198) editorials, opinion letters, short
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(n = 503) > (n=148)
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e Reports excluded through full
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Figure | PRISMA Flow Diagram. Flowchart description of the steps taken to select studies for this systematic review based on the PRISMA protocol.
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the studies incorporated into the final analysis were pertinent and of high quality, providing a thorough insight into the
predictive value of MUST in the clinical outcomes of colorectal cancer patients.

Risk of Bias and Quality Assessment

Our review utilized a combined qualitative and quantitative approach for the quality assessment of studies and risk of
bias evaluation. The observational studies’ quality was gauged using the Newcastle-Ottawa Scale,”” which examines
three main areas: selection of study groups, their comparability, and the determination of exposure or outcome. This scale
allows for a detailed quality assessment, highlighting studies of high methodological rigor. Each study was independently
reviewed by two researchers for quality, with any discrepancies resolved through discussion or a third researcher’s input,
ensuring the evaluation’s objectivity and repeatability.

Results
Study Characteristics

The systematic review scrutinized seven studies,**>°

as detailed in Table 1. These studies varied from a variety of
countries, including the United Kingdom,?*>**> Taiwan,®' The Netherlands,?> Spain,** and China,*® reflecting a broad
international interest in the topic. Conducted between 2010 and 2022, the majority of these studies adopted a prospective
cohort design, with the exception of Almasaudi et al,*® which was retrospective, and Xie et al,*® which employed a cross-

sectional approach. The quality of these studies was predominantly rated as medium, except for Abbass et al*> from the
United Kingdom, which was distinguished with a high-quality rating. This distribution of study qualities suggests

a general reliability in the findings, with Abbass et al’s study standing out for its exceptional methodological rigor.

Patients’ Characteristics

Table 2 provides an in-depth look at the patient characteristics across seven selected studies. These studies collectively
encompassed a sample size of 1950 patients, highlighting diverse patient demographics and crucial clinical parameters,
including BMI, which plays a significant role in assessing nutritional risk and subsequent outcomes in colorectal cancer
treatment. The patient age across these studies showed a broad range but typically reflected the more common age

131

demographic affected by colorectal cancer, with mean ages from 62.1 years in Tu et al” to 69.9 years in Paramo-

Zunzunegui et al.>* Gender distribution varied slightly, with male predominance noted in most studies, such as 62.1% in
Burden et al*® and slightly less in Abbass et al*> with 57%.

BMI data, crucial for understanding the nutritional status of patients, were detailed across several studies, showcasing
a wide distribution of nutritional states. For instance, Burden et al** reported BMI ranges indicating a significant portion

of patients with a BMI >25 (60.5%), reflecting a potentially overweight to obese status. Similar patterns were observed in

Table | Characteristics of Studies Evaluating the Malnutrition Universal Screening Tool (MUST) in
Predicting Hospital Outcomes for Colorectal Cancer Patients

Study & Author Country Study Year Study Design Study Quality
| [30] Burden et al United Kingdom 2010 Prospective cohort Medium

2[31] Tuetal Taiwan 2012 Prospective cohort Medium

3 [32] van der Kroft et al The Netherlands 2018 Prospective cohort Medium

4 [33] Almasaudi et al United Kingdom 2019 Retrospective cohort Medium

5 [34] Paramo-Zunzunegui et al Spain 2020 Prospective cohort Medium

6 [35] Abbass et al United Kingdom 2020 Prospective cohort High

7 [36] Xie et al China 2022 Cross-sectional Medium
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Table 2 Demographic and Clinical Characteristics of Colorectal Cancer Patients Assessed in Studies on MUST

Study Number Sample Size Age (Years) Gender Comparison Group BMI
Distribution
| [30] Burden et al 87 Mean: 64.5, Men: 54 (62.1%), SGA <20 (9.3%),
Range: 23-90 Women: 33 (37.9%) 20-24.9 (30.2%),

225 (60.5%)

2[31] Tu et al 45 Mean: 62.1 Men: 25 (56%), SGA and NRI <185 (4.4%),

Women: 33 (44%) 18.5-24 (48.9%),

24-27 (24.4%),
>27 (22.2%)

3 [32] van der 80 Mean: 69 Men: 51 (63.7%), Sarcopenic vs >30 (67% sarcopenic vs
Kroft et al Women: 29 (36.3%) non-Sarcopenic 33% non-sarcopenic)
4 [33] Almasaudi et al 363 Mean: 66 Men: 199 (54.8%), MUST nutritional risk <20 (8%),
Women: 164 (45.2%) (low, medium, high) 20-24.9 (27%),
25-29.9 (34%),
230 (31%)
5 [34] Paramo- 130 Mean: 69.9 Men: 85 (65.4%), Symptomatic vs asymptomatic <18.5 (2.1%),
Zunzunegui et al Women: 45 (34.6%) 18.5-24 (23%),

24-27 (51.8%),
>27 (23%)

6 [35] Abbass et al 984 Mean: 68, Men: 57%, MUST 0 vs MUST 1-22 NR
Range: 23-93 Women: 43%

7 [36] Xie et al 301 Mean: 62.7, Men: 178 (59.1%), NRS, MNA-SF Mean: 23.7
Range: 24-87 Women: 123 (40.9%) MST, NRI, SGA

Abbreviations: NR, not reported; BMI, Body Mass Index; SGA, Subjective Global Assessment; NRI, Nutritional Risk Index.

Almasaudi et al,>* where 65% of participants had a BMI of 25 or higher. The highest prevalence of underweight patients
was of 9.3% in the study by Burden et al,>* 8% in the study by Almasaudi et al,** and 4.4% in the study by Tu et al.’

The comparison groups within these studies were diverse, ranging from assessments based on SGA in Burden et al’*°
to more detailed nutritional risk indices such as MUST in Almasaudi et al>* and a combination of NRS, MNA-SE, MST,
NRI, and SGA in Xie et al3®

Disease Characteristics
Table 3 outlines the disease characteristics from seven studies within the systematic review focusing on the MUST as

a predictor for hospital outcomes in colorectal cancer patients. Starting with the stage of cancer, the studies exhibited

a spectrum from early to advanced stages, indicating a diverse patient population. For instance, Burden et al*°

135

reported
a distribution across all four stages, with the majority in Stage 2 (43%), while Abbass et al”> had a considerable number
of patients in Stage 2 (40.4%) and Stage 3 (35.7%).

The treatments administered ranged from elective surgeries, with a high percentage noted in Abbass et al*> where 95.1%
I*° with

78.1% of surgeries performed laparoscopically. This diversity in treatment approaches reflects the evolving nature of

of patients at low MUST nutritional risk underwent elective surgery, to the use of laparoscopy as reported by Xie et a

colorectal cancer management and the role of nutritional status in determining the appropriate surgical intervention.

Complications varied significantly across the studies, with Almasaudi et al** reporting a Clavien-Dindo classification
of 1-2 in 28% of cases and 3-5 in 6% of cases. In comparison, Abbass et al*> noted complications in 38% of patients
with low MUST risk versus 41.4% with high MUST risk, and a more severe complication rate (Clavien-Dindo 3-5) was
higher in the high MUST risk group (13.2%) than in the low MUST risk group (8.5%). This suggests that higher
nutritional risk may correlate with an increased risk of postoperative complications.
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Table 3 Overview of Disease Characteristics and Treatment Details in Colorectal Cancer Studies Involving MUST

during hospitalization

Liver metastasis 8
(66.6%), Peritoneal
metastasis 2
(16.6%)

treatment 68.8%

Study Time of Assessment Cancer Type/ Medical/Surgical History Treatment Complications
Number Stage
I [30] Burden 2—4 weeks prior to Stage | (10%), NR Sigmoid colectomy (6%), Anterior resection NR
et al surgery Stage 2 (43%), (39%), Right hemicolectomy (12%), Hartmann’s

Stage 3 (37%), procedure (10%), Abdominoperineal resection

Stage 4 (8%) (17%), Left hemicolectomy (5%), Laparotomy

(3%), Pelvic clearance (3%)

2 [31] Tuetal 3 months before and Stage 4: 12 (27%), NR Elective surgery for tumor removal, Adjuvant NR

3 [32] van der

Upon hospital admission

Stage | (28%),

Charlson >3: 39% Sarcopenic vs 61%

Elective surgery 44%, Laparoscopic 56%,

Anastomotic leak: 6%, Wound

Almasaudi et al

during preoperative
period; CT scans 3 months

prior to surgery

Stage 3 (32%),
Stage 4 (2%)

risk (28%), high MUST nutritional risk
(45%), mGPS 1-2: low MUST nutritional
risk (19%), high MUST nutritional risk
(45%)

Kroft et al for nutritional screening; Stage 2 (21%), non-Sarcopenic, Perioperative Neoadjuvant therapy 8 weeks for rectal cancer. infection: 6%, Sepsis: 5%
CT scans used for Stage 3 (32%), transfusion 31% Sarcopenic vs 69% non-
sarcopenia measurements Stage 4 (19%) Sarcopenic
before surgery.
4 [33] Nutritional assessment Stage 0-2 (64%), ASA grade 3—4: low MUST nutritional Elective surgery for tumor removal Clavien-Dindo -2 (28%),

Clavien-Dindo 3-5 (6%)

5 [34] Paramo-
Zunzunegui

et al

Nutritional assessment
preoperative and weight
measurements 3—6 months

postoperative

Colon (38.9%),
Rectal (61.1%)

ASA 3-4: 29.2%

NR

5% hypoalbuminemia, 16.5%
prealbumin deficiency, 20.9%
hypoproteinemia.

6 [35] Abbass

et al

Nutritional assessment
during preoperative

period.

Colon (59.8%),
Rectal (40.2%),
Stage | (23.9%),
Stage 2 (40.4%),
Stage 3 (35.7%)

ASA grade 3—4: low MUST nutritional
risk (33.2%), high MUST nutritional risk
(41.4%)

Elective surgery 95.1% for low MUST nutritional
risk vs 87.4% in high risk

Complications: Low MUST risk

(38%) vs high MUST risk (41.4%),

Clavien-Dindo 3-5 low MUST
risk (8.5%) vs high MUST risk
(13.2%)

7 [36] Xie et al

Nutritional assessment
within 48 hours from

admission

Colon (45.2%),
Rectal (54.8%)

Comorbidities (38.2%)

Laparoscopy 78.1%

Grade 2 complications (27.6%)

Abbreviations: NR, not reported; GPS, Glasgow Prognostic Score.
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Medical and surgical history was less detailed in these summaries, with most studies not reporting or specifying the
extent of prior medical interventions or conditions that could influence surgical outcomes. However, the presence of
comorbidities was noted, such as in Xie et al’® where 38.2% of patients had comorbid conditions, highlighting the
complexity of managing colorectal cancer patients who may have multiple health issues.

Nutritional Status and Outcomes
Table 4 presents an overview of the nutritional status and outcomes of patients with CRC across seven studies. Burden

et al®°

reported a spectrum of MUST risk scores with over half of the patients at low risk, and significant findings
indicating malnourished patients had notably lower handgrip strength and fat-free mass. This study demonstrated a direct
correlation between malnutrition, as defined by MUST scores, and increased hospital stay lengths, emphasizing the
impact of nutritional status on postoperative recovery and complications. This study also found strong associations
between improved nutritional status and better quality of life and functionality outcomes, such as the EuroQol-5
Dimensions and sit-to-stand test scores.

I’" and Almasaudi et al*® found a direct association between MUST scores and LOS, with higher

Similarly, Tu et a
MUST scores correlating with longer hospital stays. Tu et al highlighted the utility of MUST in routine nutritional
evaluation, praising its efficiency and ease of use despite the higher specificity of other assessments like SGA and NRI.
Almasaudi et al noted an increased mortality rate among patients at medium or high risk of malnutrition, underscoring
MUST’s role as an independent risk marker in CRC surgery.

Van der Kroft et al*? and Abbass et al*> provided insights into how MUST scores are associated with postoperative
complications, with van der Kroft et al finding that a MUST score >2 significantly increased the risk of such
complications. Abbass et al further confirmed the combination of MUST and modified Glasgow Prognostic Score
(mGPS) as effective predictors of hospital stay and survival in CRC patients, demonstrating the compound value of
nutritional and inflammatory markers in clinical assessments.

Paramo-Zunzunegui et al** and Xie et al*®

highlighted the high prevalence of nutritional risk among CRC patients and
the importance of MUST in routine nutritional evaluations. Xie et al specifically noted the Nutritional Risk Screening
(NRS) as a significant predictor for postoperative complications, indicating the importance of comprehensive nutritional
assessments beyond MUST alone.

Collectively, these studies underscore the significance of using MUST in conjunction with other nutritional and
clinical assessments to improve clinical outcomes and reduce healthcare costs for CRC patients. They reveal a consistent
trend that malnutrition, as identified by MUST, adversely affects recovery, increases hospital LOS, and is associated with
higher rates of postoperative complications and mortality. These findings advocate for the incorporation of MUST into

preoperative assessments to guide nutritional interventions and support recovery in CRC patients.

Discussion

Summary of Evidence
The systematic review highlights the diverse stages of colorectal cancer among patients, ranging from early to advanced,
underscoring the varied prognosis and treatment challenges across the spectrum. The significance of nutritional screening
lies in the high prevalence of malnutrition among colorectal cancer patients, which can affect treatment tolerance,
recovery, and overall survival. Nutritional screening encompasses the assessment of dietary intake, weight history,
physical symptoms affecting food intake (such as nausea, vomiting, or bowel obstruction), and the presence of factors
that increase nutritional needs (such as metabolic stress or catabolism induced by cancer). In colorectal cancer care,
nutritional screening aims to tailor nutritional support to individual patient needs, thereby improving clinical outcomes
and enhancing the quality of life. The implementation of tools like MUST in this process is crucial for the timely
identification and management of nutritional issues in this patient population.

Our review confirms the utility of the MUST in assessing nutritional risk and its implications for hospital outcomes in
colorectal cancer patients. While our findings underscore the effectiveness of MUST, they do not extend to advocating
for broader evidence-based protocols involving physical activity or comprehensive nutritional assessments beyond the
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Table 4 Summary of Magnesium Outcomes and Measurements per MUST Survey in Studies of Colorectal Cancer Patients

Study
Number

Nutritional Status
(MUST)

Other Nutritional
Measurements

Hospitalization

Outcomes

Conclusion

I [30] Burden
et al

Low MUST risk score
(54.3%), Moderate MUST
risk score (23.5%), High
MUST risk score (22.2%)

Handgrip strength: significantly lower
in malnourished patients (mean
19.4 kg vs 27.3 kg). Fat free mass:
significantly less in patients with >10%
weight loss (mean 39.7 kg) vs those
with <l10% weight loss (mean

51.9 kg).

Median LOS: 14 days Mean
LOS: 26.6 days >10% weight
loss: median LOS of 19 days,
mean LOS 20 days, vs <10%
weight loss: (median LOS 14
days, mean LOS 19 days).

Significant weight loss and reduced
fat free mass in malnourished
patients indicate a severe impact of
malnutrition on recovery and
potentially on the occurrence of

postoperative complications

Usefulness of MUST assessment vs
SGA.

2 [31] Tuetal

Preoperative: Low MUST
risk score 55.5% - mean
1.5, Postoperative: Low
MUST risk score 55.5% -
mean 5.3, Sensitivity 96,
Specificity 75

SGA: Preoperative, A 64.4% - mean
1.7, SGA: Postoperative A 64.4% -
mean 5.1, NRI: Preoperative <|00

53.3% - mean 7.4, Postoperative <100
53.3% - mean 4.6

Mean LOS: 17.1 days

Preoperative weight loss: |.8kg for
LOS 8-10 days, Postoperative
weight loss: 4.5kg for LOS 8—10 days

MUST is useful for routine nutritional
evaluation due to its efficiency, ease of
use, and low cost, despite findings
that SGA and NRI may have higher
specificity

3 [32] van der

22 MUST risk score: 16%

Sarcopenia: 52%

Muscle attenuation >median

MUST score 22 significantly

CT-measured sarcopenia offered little

Almasaudi et al

High nutritional risk
(21%)

(45%), high MUST nutritional risk
(76%)

nutritional risk (49%), high
MUST nutritional risk (78%),
MUST was independently
associated with the length of
hospital stay (OR: 2.17)

observed for patients at medium or
high risk of malnutrition (HR: 1.45)

Kroft et al 34.1: 38.3% Sarcopenic vs | 1% | associated with higher risk of post- additional value over MUST in
non-Sarcopenic operative complications; Sarcopenia predicting post-operative morbidity,
and muscle attenuation not emphasizing the significance of simple,
significantly associated when easy-to-use nutritional screening
corrected for age and ASA. tools like MUST in clinical practice.
4 [33] Preoperative: Medium- Low SMI: low MUST nutritional risk LOS >7 days: low MUST An increased number of deaths were | The MUST score is an independent

marker of risk in those undergoing
surgery for colorectal cancer,
important in preoperative assessment
to improve clinical outcomes and

reduce healthcare costs.

5 [34] Paramo-
Zunzunegui

et al

MUST 0 (30%), MUST |-
2 (44.9%), MUST >2
(25%)

Weight loss 5—10kg: 18.5% in
asymptomatic patients vs 32.8% in
symptomatic patients, 59% at

nutritional risk

NR

Symptomatic patients 48.8% altered
parameters vs 61.2% symptomatic

patients.

MUST is useful for routine nutritional
evaluation due to its efficiency, ease of

use, and low cos

6 [35] Abbass

et al

MUST 0 (82.3%), MUST
1-22 (17.7%)

Low SMI: low MUST nutritional risk
(46.5%), high MUST nutritional risk
(66.7%)

LOS >7 days: low MUST
nutritional risk (51.4%), high
MUST nutritional risk (69%)

mGPS is a significant predictor of
complications when MUST = 0 (HR:
1.29)

MUST and mGPS combination
effectively predict hospital stay and

survival in operable CRC patients.

7 [36] Xie et al

1-2 MUST risk score
(44.9%), >2 MUST risk
score (25%), Risk of
malnutrition (39.5%),
Sensitivity 73.1%,
Specificity 75.8%

Weight loss in the last 3—6 months:
<5kg (19.4%); 5-10kg (20.7%); >10kg
(2.1%), Risk of malnutrition: NRS
(41.5%), MNA-SF (46.2%), MST
(30.6%), NRI (25.2%), SGA (43.5%)

Mean LOS: 19.2 days

NRS was the only significant
predictor for postoperative
complications based on malnutrition
risk (OR: 2.40), compared with
MUST.

High prevalence of nutritional risk
among colorectal cancer patients
scheduled for surgery. MUST score
was not a significant independent

predictor.

Abbreviations: NR, Not Reported; SMI, Skeletal Muscle Index; MUST, Malnutrition Universal Screening Tool; LOS, Length of Stay; ASA, American Society of Anesthesiologists; SGA, Subjective Global Assessment; NRI, Nutritional Risk

Index; mGPS, Modified Glasgow Predictive Score.
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scope of this tool. Thus, any conclusions regarding the development of such protocols should be approached with
caution, acknowledging the specific focus and limitations of our study on MUST.

The distribution of cancer stages, as detailed in studies like Burden et al*® and Abbass et al,*® provides a broad view
of the CRC population, revealing a substantial segment in the intermediate stages of disease. This stage distribution is
crucial as it influences treatment decisions and potential outcomes, necessitating a tailored approach to managing each
patient. The varied stages of cancer underscore the necessity of incorporating comprehensive nutritional assessments, like
MUST, into the pre-treatment evaluation to better stratify patients according to their risk and customize their treatment
plans accordingly.

The treatment modalities reported across the studies reflect the evolving landscape of CRC management, highlighting
the significant role that nutritional status plays in determining the most appropriate surgical intervention. Therefore, it
emphasizes the importance of preoperative nutritional assessment in minimizing surgical risks and enhancing recovery,
further advocating for the integration of nutritional screening tools like MUST in the preoperative workup.

The correlation between higher nutritional risk and increased postoperative complications, as indicated by the data from
Almasaudi et al** and Abbass et al,* is particularly noteworthy. The findings suggest that patients with elevated MUST
scores are more susceptible to severe postoperative complications, highlighting the critical role of nutritional status in
patient recovery and long-term outcomes. This relationship between malnutrition and adverse surgical outcomes under-
scores the need for preemptive nutritional interventions to mitigate risks and improve the prognosis for CRC patients.

However, the lack of detailed medical and surgical histories in these studies presents a limitation to fully under-
standing the influence of previous health conditions on surgical outcomes and nutritional status. Despite this, the mention

of comorbidities in studies like that of Xie et al>°

alludes to the complexity of managing CRC patients, who often present
with multiple health issues. This complexity, coupled with the demonstrated impact of nutritional risk on outcomes,
solidifies the argument for a holistic approach to patient care, integrating nutritional assessment and management as
a fundamental component of CRC treatment protocols.

The study by Tagawa et al’>’ explored the nutritional status of outpatient colorectal cancer patients undergoing
chemotherapy, utilizing the MUST to assess its efficacy and correlation with adverse events. Among the 34 patients with
advanced or recurrent colorectal cancer studied between April and December 2010, 47.1% were identified as high-risk
and requiring nutritional care, showing significant reductions in body weight and BMI, alongside notably higher
incidences of appetite loss and fatigue compared to the low-risk group. While this study underscores the importance
of nutritional assessment in managing the adverse effects of outpatient chemotherapy and highlights MUST’s potential as
a simplified screening tool, it was not included in our systematic review due to its focus on outpatients receiving
chemotherapy and hospital outcomes were our primary concern. Additionally, the study being in Japanese posed
a language barrier for inclusion in our review, which focused on English language studies.

1°® and Zietarska et al* both underscore the critical role of malnutrition in CRC patients’ treatment

Lewandowska et a
outcomes, stressing the importance of nutritional status assessments and interventions. Lewandowska et al highlight the
widespread issue of malnutrition among CRC patients, noting its detrimental effects on survival rates, quality of life, and
therapy effectiveness. They recommend personalized nutritional therapy, including light, low-fat foods and, in specific
cases, dietary adjustments like lactose and gluten exclusion. Zictarska et al, through quantitative analysis, revealed that
75% of CRC patients exhibit pre-cachexia, with 73.3% moderately malnourished and 2.7% severely malnourished. They
found a significant correlation between appetite and patients’ functional status, emphasizing the need for early and
adequate nutritional interventions. Both studies align with the assertion that evaluating and addressing malnutrition is
essential for improving CRC treatment efficacy and patient quality of life, reinforcing the importance of integrating
nutritional care into CRC management protocols.

The study by Burden et al*® delved into the critical issue of preoperative malnutrition in colorectal cancer patients and
its implications on postoperative outcomes, underscoring the necessity for nutritional assessment and intervention. It was
reported that 44% of their patients were at nutritional risk preoperatively, with a significant portion of these patients
(31%) improving their nutritional status during prehabilitation. Conversely, Gupta et al** emphasized the high prevalence
of preoperative malnutrition and advocated for comprehensive nutritional assessments using tools like SGA, PG-SGA,
and MUST. They suggested considering various nutritional interventions, including trimodal prehabilitation and
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supplementation with arginine and N-3 fatty acids, to enhance postoperative recovery. Both studies underscored the
importance of addressing malnutrition to improve surgical outcomes in colorectal cancer patients. However, Gupta et al
provided a broader perspective on potential nutritional interventions and the need for their integration into preoperative
care to mitigate the adverse effects of malnutrition.

Hakonsen et al*' and Ruan et al** both examine the effectiveness of nutritional assessment tools in identifying
malnutrition among colorectal cancer patients, yet their findings illuminate distinct facets of diagnostic accuracy and
clinical implications. Hakonsen et al conducted a methodical review to assess the diagnostic test accuracy of instruments
like the Malnutrition Screening Tool (MST), Nutritional Risk Index (NRI), and the MUST against Subjective Global
Assessment (SGA) and Patient Generated Subjective Global Assessment (PG-SGA). Their results highlighted varying
levels of sensitivity and specificity: MUST demonstrated a high sensitivity of 96% against SGA, indicating excellent
diagnostic accuracy, while its effectiveness diminished significantly when compared to PG-SGA, with sensitivity dropping
to 72% and specificity to 48.9%. On the other hand, Ruan et al presented a comparative analysis of the Nutritional Risk
Screening 2002 (NRS-2002), Global Leadership Initiative on Malnutrition (GLIM) criteria, and PG-SGA, emphasizing
NRS-2002’s superior specificity (0.90) in identifying patients without nutritional deficits. Their study underscored the
simplicity and efficacy of NRS-2002 in clinical settings, suggesting its potential as a preferred tool for colorectal cancer
patients. While Hakonsen et al point out the varied diagnostic accuracies of different tools and advocate for a combined use
of clinical judgment and assessments like SGA or PG-SGA, Ruan et al highlight NRS-2002’s advantage in specificity and
ease of use, proposing it as an effective standalone screening method for nutritional assessment in colorectal cancer care.
Zhang et al*> and Monfino et al** examined malnutrition screening in cancer patients, highlighting the importance of
effective tools. Zhang et al’s observational study compared NRS2002, MUST, and PG-SGA against the GLIM criteria,
revealing that 24.8% and 15.4% of patients were at moderate and high risk of malnutrition according to NRS2002 and
MUST, respectively. NRS2002 most aligned with GLIM (AUC = 0.896) compared to MUST (AUC = 0.757). PG-SGA,
despite its sensitivity, shows a low positive predictive value. Monfino et al stress the urgency of early malnutrition
screening and personalized nutritional therapy to enhance outcomes. While Monfino et al advocate for the general use of
screening tools and the GLIM criteria for diagnosing malnutrition, Zhang et al provide concrete data, suggesting
NRS2002’s superiority for its alignment with GLIM, aiding in accurate malnutrition identification in cancer care.

Finally, another review by Wimmer at al** explored the methods for early identification of cancer-related malnutrition before
and after surgery, involving 926 patients. Similarly to our findings, it was observed that despite the diversity of tools available, the
review underscored a significant gap: a lack of evidence-based standardization for early malnutrition detection in colorectal cancer
patients within oncology clinical practice. Moreover, the involvement of different health professional groups in the assessment
process lacked standardized roles, pointing to a disjointed approach to nutritional screening. Notably, physical activity, an
important aspect of overall nutritional status, was absent from the screening tools reviewed. This omission highlights a critical
area for future development and integration into comprehensive nutritional assessments. Therefore, our findings emphasize the
urgent need for standardized, evidence-based protocols that include a holistic view of patients’ nutritional status, incorporating
physical activity to improve early malnutrition detection and outcomes in colorectal cancer care.

Limitations

The systematic review faced several limitations that are crucial for interpreting its findings. First, the inclusion criteria
limited the analysis to English language publications, potentially omitting relevant studies in other languages that could
enrich the understanding of the MUST’s effectiveness. Additionally, the review’s scope, focusing exclusively on MUST
and its predictive value for hospital outcomes in colorectal cancer patients, might have overlooked the potential benefits
or comparability of other nutritional screening tools. The reliance on published literature also meant that unpublished
studies or grey literature, which might contain important insights or data, were excluded, possibly introducing publication
bias. Furthermore, the heterogeneity in study designs, ranging from prospective cohorts to cross-sectional analyze High
MUST scores correlate with increased susceptibility to complications; however, the potential confounding effect of
a higher proportion of emergency surgeries must be considered. Lastly, the absence of randomized controlled trials and
prospective research among the reviewed studies limits the ability to establish causality between MUST scores and
patient outcomes, highlighting the need for further high-quality research in this area.
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Conclusion

The systematic review substantiates the importance of the Malnutrition Universal Screening Tool as a potential predictor of
hospital outcomes in colorectal cancer patients, particularly in identifying individuals at higher risk of prolonged hospitalization
and increased postoperative complications. However, its limitations should guide clinical utility. The data illustrates that patients
with higher MUST scores endure extended stays and greater complication rates, reinforcing MUST’s significance in preoperative
assessment and the necessity for its incorporation into clinical practice. This review advocates for the utilization of MUST to guide
nutritional interventions, aiming to improve patient outcomes and diminish healthcare costs, while suggesting further exploration
into its application to enhance its efficacy in patient management strategies.
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