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Abstract

Objectives: this study aims to evaluate the cost-effectiveness of 5-day preoperative enteral or oral immunonutrition in patients undergoing major
surgery for gastrointestinal cancer, under the Brazilian Unified Health System (Sistema Unico de Satide — SUS) perspective. A budget impact
analysis was also performed.

Methods: a decision tree model was built to compare enteral or oral immunonutrition with the standard diet, considering a time horizon of 5 +
30 days. To determine the efficacy outcomes, studies using 5-day preoperative immunonutrition were retrieved from a previously published
meta-analysis. New combined estimates for the occurrence of infectious complications, non-infectious complications, length of stay, and 30-day
mortality were calculated using studies with a 5-day period intervention. Treatment strategies were compared using the incremental cost-effec-
tiveness ratio (ICER). Costs were reported in Brazilian reals (BRL) and euros (EUR).

Results: results combined through the meta-analysis showed that the occurrence of infectious complications was 17.2 % (65/378) and 28.8 %
(99/344) for the immunonutrition and the control group, respectively (OR = 0.46; 95 % CI = 0.28-0.78; p = 0.003). Considering total costs by
procedure, estimates of 930.56 BRL/151.31 EUR (267.75 BRL/43.54 EUR due to immunonutrition and 662.81 BRL/107.77 EUR due to infectious
Keywords: complications management) and 1,109.29 BRL/180.37 EUR (0.0 BRL/EUR due to standard diet and 1,109.29 BRL/180.37 EUR due to infectious
complications management) were observed for immunonutrition and standard diet groups, respectively. Cost-effectiveness analysis showed that
Cost-effectiveness analysis.  jmmunonutrition reduced the occurrence of infectious complications (-12 %) with lower costs (-178.73 BRL/-29.06 EUR). Total savings over

Immunontrition diet 5 years was approximately 5 million BRL/817,352 EUR.
Gastrointestinal neoplasms.

Surgical procedures, Conclusion: 5-day preoperative enteral or oral immunonutrition not only has a positive clinical impact for patients undergoing major surgery for
operative. gastrointestinal cancer but can also generate substantial reductions in costs for SUS.
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Resumen

Objetivos: este estudio tiene como objetivo evaluar la relacion coste-efectividad de la inmunonutricion enteral u oral preoperatoria durante 5 dias
en pacientes sometidos a cirugia mayor por cancer gastrointestinal desde la perspectiva del Sistema Unico de Salud (SUS) de Brasil. También
se realiz6 un andlisis del impacto presupuestario.

Métodos: se construyd un modelo de arbol de decisién para comparar la inmunonutricion enteral u oral con la dieta estandar, considerando
un horizonte temporal de 5 + 30 dias. Para determinar los resultados de eficacia, se recuperaron estudios que utilizaron inmunonutricion
preoperatoria de 5 dias a partir de un metaanalisis previamente publicado. Se calcularon nuevas estimaciones combinadas para la ocurrencia
de complicaciones infecciosas, complicaciones no infecciosas, duracion de la hospitalizacion y mortalidad a los 30 dias utilizando estudios con
una intervencion de 5 dias. Las estrategias de tratamiento se compararon utilizando la razon de coste-efectividad incremental (RCEI). Los costes
se informaron en reales brasilefios (BRL) y euros (EUR).

Resultados: los resultados combinados a través del metaanalisis mostraron que la ocurrencia de complicaciones infecciosas fue del 17,2 %
(65/378) y del 28,8 % (99/344) para el grupo de inmunonutricion y el grupo de control, respectivamente (OR = 0,46; IC 95 % = 0,28-0,78;
p=0,003). Al considerar los costes totales por procedimiento, se observaron estimaciones de 930,56 BRL/151,31 EUR (267,75 BRL/43,54 EUR
debido a la inmunonutricion y 662,81 BRL/107,77 EUR debido al manejo de complicaciones infecciosas) y 1.109,29 BRL/180,37 EUR (0,0 BRL/
EUR debido a la dieta estandar y 1.109,29 BRL/180,37 EUR debido al manejo de complicaciones infecciosas) para los grupos de inmunonutricion y
dieta estandar, respectivamente. El andlisis de coste-efectividad mostré que la inmunonutricion redujo la ocurrencia de complicaciones infecciosas
(-12 %) con costes mas bajos (-178,73 BRL/-29,06 EUR). El ahorro total en 5 afios fue de aproximadamente 5 millones de BRL/817.352 EUR.

Conclusion: la inmunonutricion enteral u oral preoperatoria durante 5 dias no solo tiene un impacto clinico positivo para los pacientes sometidos

operativos.

INTRODUCTION

According to the European Society for Clinical Nutrition and
Metabolism (ESPEN) and the American Society for Enhanced
Recovery (ASER) guidelines, nutritional deficiencies in individu-
als with indication for surgery appears as an independent risk
factor for the occurrence of postoperative complications such as
infection, increase in the recovery time, length of hospital stay,
mortality and hospital costs (1-3).

Based on the approach developed and accepted within the
past two decades, apart from the standard nutrition, an enriched
nutrition formula with some key nutrients is used to enhance pa-
tients” immunity (4). Nutrients such as arginine, nucleotides, and
omega-3 fatty acids are known to play a key role in these steps
within the complex structure of the inflammatory response (5).
Several studies have shown that the immunonutrition improves
immune responses, controls inflammatory changes, modulates
the synthesis of acute-phase proteins, increases the intestinal
oxygenation and barrier function after injury; furthermore, it also
reduces septic morbidity and length of hospital stay (6,7).

The ESPEN guideline, published in 2021, recommends periop-
erative immunonutrition in patients with malnutrition and in those
at nutritional risk. Perioperative immunonutrition should also be
initiated if it is anticipated that the patient will be unable to eat for
more than five days in the perioperative period. It is also indicat-
ed in patients expected to have low oral intake and who cannot
maintain above 50 % of the recommended intake for more than
seven days. Patients at severe nutritional risk shall receive im-
munonutrition prior to major surgery even if operations including
those for cancer has to be delayed. A period of 7-14 days may
be appropriate. Immune-modulating oral nutritional supplements
including arginine, omega-3 fatty acids and nucleotides can be
preferred and administered for five to seven days preoperatively
preferably for malnourished individuals, but guideline does not
contraindicate the practice for those at nutritional risk (1).

The impact of oral or enteral immunonutrition in patients un-
dergoing major surgery for gastrointestinal cancer was previously

a cirugia mayor por cancer gastrointestinal, sino que también puede generar reducciones sustanciales en los costes para el SUS.

assessed in several meta-analysis, the last one conducted by
Adiamah et al. (2019) (8-10). Preoperative immunonutrition sig-
nificantly reduces infectious complications and leads to a shorter
length of stay (8). In addition, the use of immunonutrition among
patients undergoing surgical procedures, used either as pre, peri
or postoperative strategy, shows to be cost-effective and able
to reduce resource utilization and costs (11-15). Considering
patients with the diagnosis of gastrointestinal neoplasms, the
strategy has also shown to be cost-effective, however, only one
study has assessed specifically the use of preoperative immuno-
nutrition to date (11-13,16).

Gastrointestinal cancers impose an important burden to the
whole society. For the triennium 2023-2025, it was estimated
that 483,000 new cases of cancer, excluding non-melanoma,
will occur in Brazil, of which at least 12 % will be gastrointes-
tinal neoplasms (17). Torres et al. (2010) conducted a study to
estimate hospital admission rates for colorectal cancer in the
Brazilian Public Health System. Considering the 1996-2008 pe-
riod, hospitalization costs rose from 16.5 million American dollars
(USD) to 33.5 million USD (31.870.225 euros [EUR]) (18).

Given the burden of gastrointestinal cancer and the clinical
benefits of the use of immunonutrition in this group, understand-
ing the economic impact of its use seems to be meaningful for
the decision-making process. Hence, we conducted a cost-ef-
fectiveness study of 5-day preoperative enteral or oral immuno-
nutrition in patients undergoing major surgery for gastrointestinal
cancer. In addition, a budget impact analysis under the perspec-
tive of Brazilian Unified Health System (Sistema Unico de Satide
— SUS) was performed.

MATERIALS AND METHODS

STUDY DESIGN

An economic evaluation was conducted aiming to determine
the cost-effectiveness of 5-day preoperative enteral or oral

[Nutr Hosp 2025;42(5):1039-1046]
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immunonutrition in patients undergoing major surgery for gas-
trointestinal cancer, including the upper and lower digestive tract,
under the perspective of the SUS. Efficacy was assessed using
data from the meta-analysis published by Adiamah et al. (2019),
while costs were estimated through specialist physician’s opinion
and available price sources (8). The need for appreciation by an
ethics committee or an informed consent was waived for this
study since only previously published and publicly available data
was used.

EFFECTIVENESS DATA AND META-ANALYSIS

The study was conducted based on the meta-analysis pub-
lished by Adiamah et al. (2019). In the published review, the
authors conducted searches at Embase, Cochrane Collaboration
and Medline between 2000 and 2018 and included prospec-
tive randomized controlled trials reporting at least one relevant
clinical outcomes in adults undergoing surgical procedure for
gastrointestinal cancer (8). Considering that our aim was to as-
sess cost-effectiveness of 5-day preoperative immunonutrition,
the studies assessing such period were selected and combined
estimates for the occurrence of infectious complications, non-in-
fectious complications, length of stay, and 30-day mortality were
calculated. Thus, the number of patients presenting each out-
come in the groups of interest, as well as mean length of stay,
was extracted from the studies included in the review.

To ensure that all relevant studies were included, electronic
searches were carried out until August/2020 in the following da-
tabases: MEDLINE/PubMed, The Cochrane Library, Latin Amer-
ican and Caribbean Health Sciences Literature (LILACS), and
Centre for Reviews and Dissemination (CRD). Further, they were
complemented through manual searches of references from the
originally identified articles and grey literature search. The com-
plete search strategies used for each database are shown in the
supplementary material (Suppl. Table | - https://www.nutricion-
hospitalaria.org/files/9272/ADMA1-05553-03.pdf). No addition-
al eligible studies were found.

For the meta-analysis, continuous outcomes were summa-
rized as weighted mean differences (WMDs), while dichotomous
outcomes were summarized as odds ratios (ORs), with 95 %
confidence intervals (Cls). The heterogeneity was assessed us-
ing 12 statistic, defined as low (0-40 %), moderate (40-75 %)
and high (> 75 %). The risk of bias of individual studies was

assessed using the risk of bias 2 assessment form (Sup-
pl. Fig. 1 - https://www.nutricionhospitalaria.org/files/9272/
ADMA1-05553-03.pdf) and publication bias was assessed by
the symmetry of the funnel plots for all outcomes. A random
effects model was used, considering a more conservative ap-
proach (19). The analysis was performed using the software
RevMan, version 5.4 (20).

MODEL CHARACTERISTICS

A cost-effectiveness analysis was performed to compare en-
teral or oral immunonutrition with the standard diet of patients
undergoing major gastrointestinal cancer surgery. The standard
diet was defined as a preoperative diet without supplementation
or with isocaloric and isonitrogen supplementation. The model
was defined as a decision tree in which patients undergoing
major procedures could receive immunonutrition or a standard
diet. These patients were evaluated for infectious complications
30 days after surgery (Suppl. Fig. 2 - https://www.nutricionhos-
pitalaria.org/files/9272/ADMA1-05553-03.pdf). A time horizon
of 5 + 30 days was considered, with five days for pre-surgi-
cal enteral/oral immunonutrition and up to 30 days after sur-
gery to assess the occurrence of complications. There was no
need to apply a discount rate as the time horizon was less than
one year. The economic evaluation was conducted from the
SUS perspective.

N Control 0dds Ratio 0dds Ratio
Study or Subgroup _Events Total Events Total Weight M.H,Random,95% CI M.H, Random, 95% CI
1.1.1 Isocaloricisonitrogenous

Braga, 2002 6 50 16 50 158%
Subtotal (95% C1) 50 50 158%
Total events 6 16

Heterogeneity: Not applicable

Testfor overall effect Z= 234 (P= 0.02)

0.290.10,0.82) ——
0.29(0.10,0.82) —~

1.1.2 No supplementation

Alda, 2014 7% 15 25 132%
Fujitani, 2012 30 120 27 1M 276%
Glanott, 2002 14102 31102 241%
Mikagi, 2011 0 13 113 23%
Moriya, 2015 7 s6 8 29 140%
Nakamura, 2015 1 12 1 14 30%
Subtotal (95% C1) 328 294 842%
Total events. 59

Heterogeneity Tau"= 0.17, Ch*= 7.98, df= 5 (P = 0.16), P= 37%
Test for overall effect Z= 2.34 (P = 0.02)

0.26(0.08, 0.85) e
1.04{0.57,1.89) ——
0.36(0.18,0.74) ——

031001,83)) ———————————————
0380.12,1.17)
1.18(0.07,21.17]

0.50(0.28, 0.90) ->

Total (95% C1) 378 344 100.0% 0.46 (0.28, 0.78) -

Total events 65

Heterogenelty. Tau"= 0.16, Chi*= .35, df= 6 (P = 0.15), "= 36%
Test for overall effect Z= 2.92 (P = 0.003)
Test for subaroup differences: Chi*= 0.84, df= 1 (P = 0.36), P= 0%

001 100

0.1 10
Favours IMN] Favours [Control]

Figure 1. Forest plot showing the pooled odds ratio for the occurrence of infec-
tious complications.

Table I. Pooled results obtained from the meta-analysis

Immunonutrition % (n/N) Control % (n/N) OR (95 % CI) p-value
Infectious complications 17.2 (65/378) 28.8 (99/344) 0.46 (0.28; 0.798) 0.003
Non-infectious complications 16.4 (62/378) 18.0 (62/344) 0.93(0.59; 1.45) 0.74
Length of stay — mean days - - -2.42 (-3.72;-1.12) < 0.001
Mortality 0.4 (1/272) 0.4 (1/263) 1.00 (0.06; 16.21) >0.99

[Nutr Hosp 2025;42(5):1039-1046]
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Figure 2. Tornado diagram. A. Values presented in Brazilian reals (BRL). B. Values
presented in euros (EUR).

OUTCOME MEASUREMENT

The occurrence of infectious complications was defined as
the primary study outcome. Secondary outcomes were non-
infectious complications, length of stay, and 30-day mortality.
Economic outcomes considered direct medical costs, including
medical resources used directly for patient care, immunonutri-
tion costs, and infectious complications treatment. Indirect costs,
such as those related to patient productivity loss because of the
illness, were not considered in this analysis, as they are not con-
sistent with the adopted perspective. Treatment strategies were
compared using the incremental cost-effectiveness ratio (ICER),
defined as the ratio of the difference in costs to the difference in
effectiveness between treatment strategies (Equation ).

P.E. P.Filho et al.

EQUATION I. INCREMENTAL COST-
EFFECTIVENESS RATIO

COStlmmunonutrition — COStStandard diet
Ef fectivenessmmunonutrition — Ef fectivenesssianaard aiet

ICER: incremental cost-effectiveness ratio.

ICER =

RESOURCES AND COST ESTIMATION

A dosage of 1000 mL per day for five days was adopted to
calculate the immunonutrition cost. The price for 1000 mL of the
product was defined according to the expected reimbursement
value for the Brazilian public market, its variation was evaluated in
sensitivity analysis. The comparator, standard diet, has no cost, as
there is currently no reimbursement for pre-surgical supplementa-
tion with immunonutrition or any other specific diet in the universal
health system in Brazil. The microcosting strategy defined infectious
complications cost, as detailed reported in supplementary table Il
(https://www.nutricionhospitalaria.org/files/9272/ADMA1-05553-
03.pdf). The use of resources was defined base on a specialist
physician’s opinion and precified using public reimbursement ta-
bles from the Brazilian universal health system (Brazilian Universal
Health System’s Table of Procedures, Medications and Special Ma-
terials — SIGTAP) — the great uncertainties in this cost definition led
to its evaluation by sensitivity analysis. The analysis included only
the relevant costs that could differ between treatment groups (nu-
tritional intervention and infectious complication costs). Other costs,
such as hospitalization costs or non-infectious complications, were
assumed to be the same between groups and were not considered
in the analysis. All costs were reported in Brazilian Real (BRL) and
Euro (EUR), considering an exchange rate of 1 EUR = 6.15 BRL (av-
erage rate between September 6, 2024, and December 2, 2024).

ANALYTICAL METHODS

The economic evaluation was defined from a decision tree
modelling (Suppl. Fig. 2 - https://www.nutricionhospitalaria.org/
files/9272/ADMA1-05553-03.pdf). Deterministic and probabilis-
tic sensitivity analyses evaluate the model’s uncertainties. These
methods assess how changes in input parameters affect the

Table Il. Cost-effectiveness analysis results

Immunonutrition Standard diet Incremental
Total cost (by procedure) (BRL/EUR) 930.56/146.05 1,109.29/174.10 -178.73/-28.05
Immunonutrition (BRL/EUR) 267.75/42.02 0.00 267.75/42.02
Infectious complications (BRL/EUR) 662.81/104.03 1,109.29/174.10 -446.48/70.07
Infectious complications number (by procedure) 0.17 0.29 -0.12
ICER (cost/avoided complication) Dominant

BRL: Brazilian real; EUR: Euro; ICER: incremental cost-effectiveness ratio.

[Nutr Hosp 2025;42(5):1039-1046]
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model’s results, either one at a time (deterministic) or simultane-
ously based on probability distributions (probabilistic). In the deter-
ministic sensitivity analysis, the respective Cls were considered for
the efficacy parameters, while a variation range of plus or minus
20 % from the baseline value was used for cost parameters. In the
probabilistic sensitivity analysis, a gamma distribution was adopted
for costs, as it is non-negative, and a beta distribution was used for
efficacy parameters, as it is limited to values between 0 and 1 (21).
All parameters of the decision tree model were evaluated in both
deterministic and probabilistic sensitivity analysis. The economic
analysis was conducted using Microsoft Excel, version 365 (2021).

BUDGET IMPACT ANALYSIS

A 5-year budget impact analysis was performed to understand
the impact of the 5-day preoperative enteral or oral immunonutri-
tion use for the Brazilian public healthcare system. Eligible popu-
lation was estimated using an epidemiological approach and the
number of patients undergoing major gastrointestinal oncologic
surgeries was extracted from the public database, according to
procedures described in supplementary table Il (https://www.
nutricionhospitalaria.org/files/9272/ADMA1-05553-03.pdf) (22).
The number of hospitalizations for such procedures between
2015 and 2019 was used to project the estimated procedure vol-
ume for the period from 2021 to 2025 through a linear relationship
between the number of procedures and the total Brazilian popu-
lation (22,23) (Suppl. Table IV - https://www.nutricionhospitalaria.
org/files/9272/ADMA1-05553-03.pdf). To determine the market
share, the premise of a gradual increase in the use of oral/enteral
immunonutrition was adopted after its incorporation, starting from
10 % of patients in the first year until reaching 50 % of patients
in the fifth year. Costs were extracted from the economic model.

RESULTS

EFFECTIVENESS DATA

The study published by Adiamah et al. (2019) included a total
of sixteen studies that assessed the use of preoperative immu-
nonutrition among patients undergoing major gastrointestinal

surgeries, seven of them considering a 5-day peri-
od. Such studies were selected to compose this analysis
and main information is shown in supplementary table V
(https://www.nutricionhospitalaria.org/files/9272/ADMA1-05553
-03.pdf).

Data related to the outcomes of interest, extracted from these
seven studies, were combined and results are shown in table
. The primary outcome, infectious complications, was used to
conduct the economic analysis. All studies provided data regard-
ing infectious complications (7,24-29). The event rates of infec-
tious complications were 17.2 % (65/378) and 28.8 % (99/344)
for the immunonutrition and the control group, respectively. The
pooled ORs for infectious complications after 5 days of preoper-
ative treatment with immunonutrition was 0.46 (95 % Cl, 0.28-
0.78; p=0.003; 12 = 36 %; Fig. 1). The infectious complications
OR was also evaluated according to the choice of control. When
control arms received isocaloric isonitrogenous supplement (29),
the OR was 0.29 (95 % Cl, 0.10-0.82; p = 0.02; 12 = not appli-
cable) and for those receiving no supplementation the OR was
0.50 (95 % Cl, 0.28-0.90; p = 0.02; I2 = 37 %) (7,24-28).

PARAMETERS OF THE COST-EFFECTIVENESS
STUDY

The parameters, the references, the range (for the determin-
istic sensitivity analysis), the probability distribution, and the
standard error (for the probabilistic sensitivity analysis) used in
this analysis are reported in supplementary table VI (https://www.
nutricionhospitalaria.org/files/9272/ADMA1-05553-03.pdf). The
incidence of infectious and non-infectious complications and
mortality within 30 days were calculated by the mean of events
over the population of interest. Length of stay (mean days) was
based on the WMD extracted from the meta-analysis.

INCREMENTAL COSTS AND OUTCOMES

Enteral/oral immunonutrition was dominant in relation to the
standard diet (Table Il). The deterministic sensitivity analysis
(Fig. 2) identified the infectious complication cost and the inci-
dence of complications in the “standard diet” group as the two

Table Ill. Budget impact analysis results

2021 2022 2023 2024 2025 Total
Projected (BRL/EUR) 19,459,714/ 19,527,359/ 19,568,269/ 19,583,059/ 19,572,432/ 97,710,833/
) 3,054.16 3,064.78 3,071.20 3,073.52 3,071.85 15,335.52
Reference (BRL/EUR) 19,778,384/ 20,177,562/ 20,562,164/ 20,932,094/ 21,287,344/ 102,737,549/
3,104.18 3,166.83 3,227.19 3,285.25 3,341.01 16,124.45
Incremental (BRL/EUR) -318,670/ -650,205/ - -993,895/ -1,349,035/ 1,714,912/ -5,026,715/
-50,014.62 102,048.06 -155,989.63 -211,728.35 -269,152.01 -788,932.87

BRL: Brazilian real; EUR: Euro.

[Nutr Hosp 2025;42(5):1039-1046]
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Figure 3. Incremental cost-effectiveness plan — infectious complications avoi-
ded. A. Values presented in Brazilian reals (BRL). B. Values presented in euros
(EUR).

main parameters influencing the analysis results. However, there
is no potential to significantly modify the result presented in the
analysis baseline scenario (dominance of immunonutrition com-
pared to the standard diet).

Probabilistic sensitivity analysis (Fig. 3) estimated 88 % of it-
erations in quadrant Ill, in which there is lower cost and greater
effectiveness. The rest of the iterations (12 %) were in quadrant Il
(higher cost and greater effectiveness). The most effective quad-
rants are quadrants Il and Ill for this analysis, as the outcome
considers the reduction of infectious complications and assumes
negative values when there is greater effectiveness.

Table Il shows the results of the budget impact analysis. The
projected scenario considers the gradual conversion of proce-
dures to enteral/oral immunonutrition, considering the proposed
market share. Meanwhile, the reference scenario assumes that
all patients do not receive a specific diet as preparation for the
surgical procedure. The results indicate savings of approximately
320,000 BRL (51,816 EUR) in the first year after incorporation
and a total accumulated savings over 5 years of approximately
5 million BRL (817,352 EUR). The base case scenario could vary
between savings of 2.5 million and 7.5 million BRL (408,991 EUR
and 1,225,713 EUR, respectively).

DISCUSSION

This analysis was performed aiming to assess the cost-effec-
tiveness of 5-day preoperative enteral or oral immunonutrition
in patients undergoing major surgery for gastrointestinal cancer.
In addition, a budget impact analysis under the SUS perspective
was performed. In a context of increasing costs due to the launch
of new technologies in the market, there is a need to understand
the relationship between costs and benefits of its use.

P.E. P.Filho et al.

Initially, to support the cost-effectiveness analysis, a me-
ta-analysis using data reported by Adiamah et al. (2019) was
conducted to determine the efficacy of a prespecified period of
enteral or oral immunonutrition use (8). The last ESPEN guide-
line, published in 2021, recommends immunonutrition, including
arginine, omega-3 fatty acids and nucleotides, for five to seven
days in the preoperative period, preferably for malnourished indi-
viduals but not excluding those at nutritional risk (30). The previ-
ously published review included studies that considered different
durations of preoperative immunonutrition, ranging from 3 to
8 days (8). In the present analysis, the 5-day period was chosen
to accomplish the ESPEN recommendation within the shortest
timeframe, based on the hypothesis of a lower associated cost.
Alternative durations were not assessed and should be explored
in future cost-effectiveness studies.

In the present analysis, 5-day preoperative enteral or oral
immunonutrition significantly reduced the occurrence of in-
fectious complications and length of hospital stay, but statisti-
cally significant results were not found to the other outcomes
(non-infectious complications and mortality). These results are
similar to those reported by Adiamah et al. (2019) and also cor-
roborate findings reported by previous meta-analyses performed
to understand the impact of immunonutrition use on patients
undergoing major gastrointestinal cancer surgery (8,31,32).
Thus, it supports the use of immunonutrition for five days before
surgical procedure.

Adiamah et al. (2019) included studies characterized as pro-
spective randomized controlled trials that reported at least one
outcome of interest in individuals aged 18 years or older un-
dergoing surgical intervention for gastrointestinal cancer. Trials
evaluating only individual components of immunonutrition, as
well as those involving perioperative or postoperative adminis-
tration, were excluded. No language restrictions were applied in
the study (8). Furthermore, an updated literature search did not
identify new evidences, supporting the assumption that all rele-
vant studies were included in the analysis.

Only one study used standard supplementation, while most
studies compared immunonutrition to a standard diet without
supplements (Suppl. Table VI - https://www.nutricionhospitalar-
ia.org/files/9272/ADMA1-05553-03.pdf). This difference may
have affected the results. Therefore, it's important to consider
these limitations when interpreting the findings, underscoring the
need for further studies to validate these observations.

The cost-effectiveness analysis showed that enteral/oral im-
munonutrition was dominant in relation to the standard diet. Bra-
ga & Gianotti (2005) conducted an analysis to determine whether
preoperative immunonutrition leads to cost savings in the care
of patients undergoing major elective surgery to treat gastroin-
testinal tract neoplasms. The authors reported a mean cost of
complication of 6,178 EUR in the conventional group, while this
value in the group that used oral immunonutrition for 5 days be-
fore surgical procedure was 4,639 EUR. In this context, preoper-
ative immunonutrition for 5 days has shown to be cost-effective,
which is corroborated by our results (13). Ambrosio et al. (2023)
analyzed the tumor microenvironment and indicators related to
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immune function in 100 patients in addition to a cost-benefit
analysis. They showed that immunonutrition for 14 days before
surgery and 2 days after is a cost-effective strategy. The study
reported that regardless of nutritional status, the immunonutri-
tion, according to the recommendations, represented a resource
after colorectal cancer surgery with an average net savings of
117,011 EUR (33). This analysis was conducted under the per-
spective of the SUS. To the best of authors’ knowledge, this is the
first study to describe the outcome considering the pre-operative
period in Brazil.

Sensitivity analysis showed that infectious complication cost
and the incidence of complications in the “standard diet” group
are the two main parameters influencing the analysis results and
that there is no potential to significantly modify the dominance of
immunonutrition compared to the standard diet. Indeed, infec-
tious complications represent an important source of cost among
patients undergoing surgical treatment to manage gastrointesti-
nal neoplasm. Zogg et al. (2018) reported, in a nationwide inpa-
tient sample from the United States, that infectious complications
was the most significant driver of increased hospital cost among
patients undergoing major resections from 2001 to 2014 (34). In
a recent analysis conducted in France including patients under-
going major digestive cancer surgery, individuals with infectious
complications had higher hospital length of stay and cost per stay
when compared to those without complications and those with
other events (mean length of stay: 25.5 vs. 11.7 vs. 17.8 days;
cost per stay: 18,720 EUR vs. 10,641 EUR vs. 14,636 EUR) (35).

Budget impact analysis suggests that the use of a 5-day pre-
operative enteral/oral immunonutrition would be able to promote
savings to Brazilian healthcare system. To the best of authors’
knowledge, this is the first study assessing the Brazilian context
and further analysis are needed to confirm the finding. Brunton
& Kerr (2022) reported that the use of perioperative immunonu-
trition among surgical oncology patients would be able to save
about 5 million USD with a total of 100 individuals, only related
to length of hospital stay (36). In the present analysis, the main
effectiveness outcome used was the occurrence of infectious
complications, thus savings could be even higher if other varia-
bles such as length of hospital stay were considered.

The cost-effectiveness related to immunonutrition use was
also assessed in different non-oncologic settings. The use of
perioperative immunonutrition has proven to be a cost-effec-
tive strategy among patients undergoing surgical procedures.
Gianotti et al. (2000) reported a net saving of 2,386 EUR per
complication avoided (37). Among critically ill patients, the use
of immunonutrition has shown a reduction in the occurrence of
nosocomial pneumonia and by reducing intensive care unit stay,
a cost saving of at least 193,350.00 USD (38).

In spite of these important contributions, our study has limita-
tions that need to be highlighted. In addition, most of the studies
compared immunonutrition against no intervention and this is a
matter of concern since cancer patients report clusters of symp-
toms that may be related to low nutrient intake and weight loss
(39). However, nutritional status prior to surgery reported through
mean BMI was similar in intervention and control groups in the
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included studies, which may reduce the impact of such limitation.
Furthermore, the use of random effects model to parametrize the
effect of the intervention in the cost-effectiveness model, with its
broader confidence interval, was considered a conservative ap-
proach to deal with the uncertainty within the model and reduced
the impact of the aforementioned limitation. Although only onco-
logic surgical populations were assessed in the analysis, the re-
sults may be generalized to non-oncologic surgical populations,
as the outcomes are relevant to both. Regarding the cost-effec-
tiveness analysis, some information is derived from key-opinion
leaders or premises, imposing uncertainties, and it was conduct-
ed under the SUS perspective and may not be representative of
the whole Brazilian healthcare system. The absence of Brazilian
data may also limit the translation of the results to the healthcare
setting of the country. Also, it is important to note that the mod-
elling was not based on quality-adjusted life years (QALY), which
is a preferred outcome for cost-effectiveness analysis. Instead,
the analysis was based on clinical outcomes (infectious compli-
cations avoided), which is a more tangible outcome for decision
makers, but can be limiting for broader policy comparisons. Pre-
viously published studies assessing the cost-effectiveness relat-
ed to the use of immunonutrition also considered measures from
clinical practice (37,38).

CONCLUSIONS

The results suggest that 5-day preoperative enteral or oral
immunonutrition not only has a positive clinical impact on pa-
tients since it is effective to prevent infectious complications and
decreases hospital length of stay among patients undergoing
major surgery for gastrointestinal cancer, but can also generate
substantial reductions in costs. The data provided in the present
analysis is helpful to support decision making in the manage-
ment of patients with the diagnosis of gastrointestinal cancer.
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