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RESUMO

Introducdo: Custos, tempo de hospitalizacdo e morbidade estéo
frequentemente aumentados na presenca de infec¢cdes e outras complicacdes
decorrentes do cancer de cabeca, pescoco e trato gastrointestinal. Recentemente, a
melhora de mecanismos de defesa do hospedeiro tem se tornado um alvo de
interesse. Nutricdo adequada esta fortemente relacionada com a melhora da
imunidade e reducado de infe¢cdes. Imunonutricdo tem como objetivo a melhora da
imunidade, principalmente para manutencdo de linfocitos-T e outras defesas.
Objetivo: Revisar imunonutricAo em pacientes oncolégicos submetidos a cirurgias
de trato gastrointestinal e avaliar o custo-beneficio desta suplementacdo. Métodos:
Este estudo consiste em uma revisdo sistematica da literatura baseada em
referéncias encontradas em base de dados, como PubMed, LILACS e SCIELO. Para
analise de custos, moedas locais usadas nos artigos foram convertidas em Dolar
Americano. Resultados e Discusséo: Seis estudos randomizados prospectivos
foram incluidos nesta Revisdo. Todos o0s artigos encontraram reducdo de
complicagbes entre grupos controles e os grupos suplementados. Duas mortes
ocorreram em um grupo suplementado devido a Sindrome da Resposta Inflamatoria
Sistémica. Todos os estudos que analisaram internacdo hospitalar demonstraram
que pacientes do grupo intervengcdo permaneceram por um tempo mais curto no
hospital. O tempo de hospitalizacdo e a reducdo de complicacdes podem causar
uma diminuicdo no custo total gerado pelo paciente. Em relacdo as analises
econbmicas, algumas limitagdes podem influenciar na reprodutibilidade: alguns
artigos antigos estavam economicamente ultrapassados, e, além disso, alguns
artigos nao informavam a data em que a pesquisa foi realizada. Ainda, parametros
econdmicos podem ser diferentes entre paises, devido ao tipo de sistema de saude
e taxas de reembolso que eles possuem. Conclusao: O custo-beneficio foi positivo
na maioria dos estudos, sugerindo que este tipo de dieta pode ser rentavel. Contudo,
0os resultados n&do podem ser ampliados para outras regides devido a

particularidades existentes.

Palavras-chave: Imunonutricdo, cirurgia oncologica gastrointestinal, custo-

beneficio.



ABSTRACT

Introduction: Costs, length hospital staying and morbidity are frequently and
significantly increased as a result of infections and other complications following
gastrointestinal tract and head and neck cancer. Recently, improving host defence
mechanisms have become a target of interest. Immunonutrition aiming to improve
immunity, most likely providing key nutrients that maintain T-lymphocyte and other
host defence. Objective: The aim of this study is to review immunonutrition for
oncologic patients who are undergoing surgery for gastrointestinal tract and to
evaluate the cost-effectiveness of this supplementation. Methods: The study
consisted of a systematic review of the literature based on reference analyses found
in current databases such as PubMed, LILACS e SCIELO. For cost analyses,
currencies used in the papers needed to be converting to American dollar in order to
uniform and facilitate comparison. Results and Discussion: Six prospective
randomized studies were included in this review. Overall, the articles found a
reduction of complications between control group and groups that received some
type of immunonutrient. Two deaths occurred in a treatment group because of
systemic inflammatory response syndrome. All the studies that analysed length
hospital staying found that treated patient groups had a shorter hospital admission.
The length hospital staying and complication reduction can cause a less value of total
patient expense. For economic analyses, some limitations may influence the
reproducibility, since old articles can be economically outdate, and especially
considering that some articles have not the research date informed. Besides that,
economic parameters used may differ from country to country based on the type of
health care system and reimbursement rates they have. Conclusion: The cost-
effectiveness was positive in most of studies, leading that this diet type can be
profitable. However, results cannot be extended to any region due to the

particularities existents.

Keywords: Immunonutrition, oncologic gastrointestinal surgery, cost-

effectiveness.
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1. REFERENCIAL TEORICO

1.1 EPIDEMIOLOGIA DO CANCER

Cancer € um termo genérico para um grande grupo de doencas que podem
afetar qualquer parte do corpo. Uma caracteristica que define o cancer é a rapida
proliferacdo de células anormais que crescem além dos limites normais. O cancer
surge de uma unica célula, cuja transformacdo envolve um processo com multiplos
estagios responsaveis pela progressao de uma lesdo pré-cancerosa para tumores
malignos. Esta progressdo € resultado da interacdo entre fatores genéticos
individuais e agentes externos, como - carcindégenos fisicos (radiacdo ultravioleta e
ionizante, por exemplo), quimicos (arsénico, asbesto e aflatoxinas) e biolégicos

(infeccdes decorrentes de virus, bactérias e parasitos) (OMS, 2014).

O cancer é uma das principais causas de morte em todo mundo (INCA, 2014).
Em 2012, houve 14.1 milhdes de novos casos de cancer no mundo, 8.2 milhdes de
mortes e 32.6 milhdes de pessoas com diagnostico de cancer (diagnéstico de no
minimo cinco anos). Nos paises menos desenvolvidos, observaram-se oito milhdes
de novos casos, 5.3 milhBes de mortes por cancer e 15.6 milhdes de pessoas com
cinco anos ou mais de diagnostico (GLOBOCAN, 2012).

A taxa global de incidéncia de cancer é quase 25% maior em homens (205
por 100.000 habitantes) que em mulheres (165 por 100.00 habitantes). As taxas de
incidéncia no sexo masculino podem variar quase cinco vezes entre as diferentes
regies do mundo, como é o caso da Africa Ocidental (79 para 100.000 habitantes) e
Australia/Nova Zelandia (365 para 100.000 habitantes). Em relacdo as mulheres, se
percebe uma menor variagcdo (quase trés vezes), com taxas variando de 103 por
100.00 habitantes na Africa Ocidental e 295 por 100.000 habitantes na América do
Norte.

Em 2030 estima-se que o total de novos casos de cancer sera de 21.4
milhdes, além de 13.2 milhdes de mortes pela doenca devido ao crescimento e
envelhecimento da populagéo, assim como houve reducdo de mortalidade infantil e
reducdo de mortes por doencas infeciosas em paises desenvolvidos (GLOBOCAN,
2012).
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No Brasil, 0 niumero estimado de novos casos de cancer para 2013/2014 é de
aproximadamente 576 mil, incluindo os casos de pele ndo melanoma, que € o tipo
mais incidente para ambos 0s sexos, seguido de préstata, mama feminina, célon e

reto, pulméo, estbmago e colo do utero (INCA, 2014).

1.2 CANCER GASTROINTESTINAL

O cancer colorretal é o terceiro tipo mais comum em homens (746.000 casos,
representando 10% do total) e o segundo mais comum em mulheres (614.000
casos, representando 9.2% do total). A mortalidade é baixa (694.000 mortes, 8,5%
do total), sendo maior nimero de mortes (52%) em regides menos desenvolvidas do

mundo, refletindo a pior sobrevivéncia nestas regidées (GLOBOCAN, 2012).

J& o cancer esofdgico é o terceiro mais comum no mundo. O céancer de
esb6fago apresenta baixa taxa de sobrevivéncia (risco absoluto de mortalidade para
incidéncia de 0,88). Observa-se que a mortalidade acompanha os padrdes
geograficos de incidéncia, com as maiores taxas de mortalidade ocorrendo no leste
da Asia e do sul da Africa em homens e na Africa Oriental e Austral em mulheres
(GLOBOCAN, 2012).

Cancer de estbmago lidera a terceira causa de morte em ambos 0s sexos em
todo mundo (723.000 mortes, 8,8% do total). As maiores taxas de mortalidade
estimadas sdo na Asia Oriental e, a mais baixa, na América do Norte. Porém, altas
taxas de mortalidade também estdo presentes em ambos os sexos, na Europa
Central e Oriental, e na América do Sul e Central (GLOBOCAN, 2012).

No Brasil, estima-se que o cancer colorretal é o quarto cancer com o maior
indice em 2014, com 32.600 novos casos. Os tumores gastricos aparecem em
terceiro lugar para o sexo masculino e quinto lugar para o sexo feminino. Em relacéo
ao cancer esofagico, este € sexto mais incidente entre os homens e apenas o 15°

entre as mulheres, excluindo o cancer ndo melanoma da analise (INCA, 2014).
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1.3 CIRURGIA DE CANCER GASTROINTESTINAL

Cancer, quando em estagios iniciais, pode ser controlado e/ou curado através
de tratamento cirurgico, quando este for o tratamento indicado.

O tratamento cirargico pode ser utilizado para um propdsito curativo ou
paliativo. A cirurgia curativa é considerada indicada em casos de tumores mais
sélidos. Trata-se de um tratamento radical, ndo apenas o tumor primario € removido,
mas também é removida a margem de seguranca e, se indicado, também podem ser
removidos linfonodos de cadeias de drenagem linfatica do 6rgéo que abriga o tumor
primario. A cirurgia utilizada como tratamento paliativo tem como objetivo reduzir a
populacdo de células tumorosas ou controlar os sintomas que ameacem a vida ou

comprometam sua qualidade (INCA, 2014).

As taxas de complicacbes no pos-operatorio de cirurgias para cancer
gastrointestinal podem variar de 15% a 54% (WAITZBERG et al., 2006;
MARIMUTHU et al., 2012), com complicacfes infecciosas sendo as mais frequentes:
infeccbes de feridas, abcesso abdominal, pneumonia, deiscéncia de anastomose,
infeccdo de trato urinario e sepse (STEINER; ELIXHAUSER; SCHNAIER, 2002).
Podem ocorrer outros tipos de complicagBes, como: fistulas, insuficiéncia renal
aguda e eventos cardiovasculares (BRAGA et al, 2005; PROCTER et al, 2010).

As complicacdes decorrentes deste tipo de cirurgia sdo ainda uma importante
qguestao, pois apresentam um impacto significativo na recuperacdo dos pacientes,
tempos de hospitalizacdo e custos (BRAGA et al, 2005; PROCTER et al, 2010).

Recentemente, estudos estdo sendo voltados para prevencdo de
complicagBes relacionadas com cirurgia, bem como pesquisas continuas para
tratamentos rentaveis tém sido fortemente recomendavel (DAVEY; NATHWANI,
1998; BURNIE, 1999; BADIA; BROSA; TELLADO, 1999).

Politicas para prevencao e reducdo destas complicacdes geralmente focam
na erradicacdo do patogeno; por exemplo, profilaxia com uso de antibidticos
perioperatorios, a reducédo do trauma cirdrgico e contaminacéo intraoperatoéria, assim

como a melhoria no ambiente hospitalar (STEINER et al., 2002).
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Apesar da melhora de técnicas utilizadas em cirurgias, a morbidade poés-
operatéria e os custos do tratamento médico continuam a ser um alto custo para
qualquer sistema de saude. (FAIST; WICHMANN; KIM, 1997; SENKAL et al., 1995;
GIANOTTI et al., 1997; DALY et al, 1992; BRAGA et al.,, 1996; GIANOTTI et al.,
1999).

1.4 IMUNONUTRICAO

O campo da terapia de suporte nutricional tem passado por transformacoes
desde sua concepcdo. Originalmente, suplementacdo era recomendada para
fornecimento de energia, proteinas e micronutrientes essenciais para compensar a
perda de massa magra e prevenir deplecdo imune induzida por inanicao.
Posteriormente, varios componentes da dieta tém sido utilizados na tentativa de
modular a funcdo imune. Para este fim, aminoacidos especificos, acidos graxos de
cadeia-longa e nucleotideos tém sido estudados. Embora a composicdo da terapia
nutricional possa influenciar a defesa do hospedeiro, a literatura ainda divide-se na
efetividade de suporte nutricional manipulado por formulas para atingir desfechos
clinicos importantes (VA TPN COOPERATIVE STUDY GROUP, 1991).

Os nutrientes imunomoduladores mais utilizados incluem acidos graxos
dmega-3 (w-3), nucleotideos e arginina. Ainda ndo esta claro qual constituinte é
mais responsavel pela imunomodulacdo porque normalmente os componentes nao
sao independentemente testados em grandes estudos (KEMEN et al., 1995; WU;
ZHANG; WU, 2001).

Imunonutricdo tem sido estudada em multiplos ensaios clinicos, os quais
demonstraram reducdo de complicacfes infecciosas pos-cirargicas. Alguns estudos
mostraram reducdo de complicacbes ndo infecciosas em pacientes submetidos a
cirurgia eletiva, incluindo pacientes que sofreram ressecc¢des de tumores de trato
gastrintestinal. Meta-analises demonstraram uma reducéo de risco de 38-62% de
infeccbes e outras complicacdes. (MARIK; ZALOGA, 2010; CENTAROLA et al.,
2011; DROVER et al., 2011; HEYLAND et al, 2001, WAITZEBERG et al., 2006,
ZHANG et al., 2012; MARIMUTHU et al., 2012).
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1.4.1 Arginina

Arginina é um aminoacido condicionalmente essencial. Sua sintese endogena
pode estar limitada durante doencas, e por isto constitui 0 maior componente na

grande maioria das férmulas nutricionais de imunonutricdo (DALY et al., 1998).

Este aminoacido esta envolvido com a sintese de proteina, ureia,
nucleotideos e geracdo de ATP. E precursor de 6xido nitrico — um potente regulador
imunitario e mediador do fluxo sanguineo. Precursor da sintese de poliaminas, as
quais apresentam um papel-chave na replicacdo de DNA, regulacdo do ciclo celular

e divisao celular.

Experimentos em animais diminuiram involugdo do timo associado com
trauma, promoveram celularidade no timo, proliferacdo de linfécitos, atividade de
células natural killer, e a citotoxicidade de macrofagos, bem como melhorou
hipersensibilidade retardada e resisténcia para infec¢des bacterianas. Em humanos
saudaveis sua suplementacdo aumentou a proliferacdo de linfécitos no sangue em
resposta a mitdgenos e promoveu melhora da cicatrizacdo de feridas (CALDER,;
YAGOOB, 2004, p. 305; POPOQOVIC; ZEH; OCHOA, 2007).

1.4.2 Nucleotideos

Os nucleotideos estdo envolvidos com a estrutura do DNA e RNA,
metabolismo para geracdo de energia e regulacdo da atividade enzimatica. A
ativacao de linfécitos causa um rapido aumento da demanda de nucleotideos devido
ao aumento da necessidade energética e, depois, para sintese de RNA para

producédo de proteinas e divisdo celular de DNA.

Experimentos em animais mostraram que nucleotideos melhoraram a funcéo
de células-T, respostas de anticorpos, hipersensibilidade retardada e resisténcia a
patdogenos (CARVER et al., 1991; GIL, 2002). Nucleotideos estdo presentes em
abundéancia no leite materno, talvez por isto, justifigue a grande funcao

imunomodulatéria em criancas (FANSLOW et al., 1988).



14

1.4.3 Acidos Graxos Omega-3

Estes acidos graxos sao precursores de eicosanoides, incluindo

prostaglandinas, prostaciclinas, tromboexanos e leucotrienos.

A dieta ocidental moderna é relativamente rica em acidos graxos 6mega-6 (w-
6), levando ao grande quantidade deste acido graxo em membranas celulares. O
Omega-6 origina o acido araquiddénico, através da conversao de acidos linoleicos em
acido araquidénico. Sendo assim, o w-6 é potencialmente pré-inflamatério, levando
um aumento de producdo de interleucina-1, fator de necrose tumoral alfa e
interleucina-6 (WACHTLER et al., 1997). Adicionando w-3 a dieta ha inibicdo de
conversado de acido linoleico em acido araquidénico. Além disso, w-3 substitui 0 w-6
presente em excesso na membrana, aumentando, desta forma, a producdo de
prostaglandinas e leucotrienos — potenciais redutores da pro-inflamacdo (KENLER et

al., 1996).

Curiosamente, em pessoas saudaveis, w-3 parece ter feitos limitados na
producdo de eicosanoides, sendo fortemente considerado o nutriente-chave para
imunomodulacdo, sendo crucial para evitar qualquer efeito pro-inflamatorio

ocasionado pela arginina na suplementacédo (KENLER et al., 1996).

1.5 IMUNONUTRICAO EM PACIENTES CIRURGICOS COM CANCER
GASTROINTESTINAL

Os pacientes com cancer gastrintestinal sempre apresentam um risco
aumentado de desnutricdo por diversos fatores: obstrucdo mecanica, limitacdo da
ingestdo de alimentos, caquexia induzida pelo tumor, obstrugdo pancreatica-biliar,
ma-absorcéo e perda de sangue. Desnutricdo deprime imunidade celular e humoral.
Além disso, procedimento cirirgico complexo pode ocasionar em deplecdo da
imunidade. (SAX, 2005; TARTTER; MARTINELI; STEINBERG, 1986) Portanto, estes
pacientes sdo mais suscetiveis para contracdo de complicacdes infecciosas
(MULLER et al., 1982)..
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Nutricdo parenteral total uma semana antes da cirurgia em pacientes com
perda de peso mostrou reduzir infeccbes poés-operatoria (MULLER et al., 1982).
Braga et al. (2000) demonstraram em um estudo randomizado com pacientes com
perda de peso maior que 10%, que 0 grupo que recebeu imunonutricdo antes e
apos a cirurgia teve menos complicacdes que o grupo que foi suplementado apenas
no pés-operatorio.

Riso et al. (2000) também encontrou em seu estudo, com pacientes
desnutridos que apresentavam cancer de cabeca e esbfago, beneficios da
imunonutricdo em relagdo a infeccdo e complicagbes da ferida. Pacientes que néo
apresentavam desnutricdo significativa também foram analisados. Encontrou-se
beneficio significativo no uso de suplementacdo de imunomoduladores em pacientes
oncolégicos de trato gastrintestinal siperior, em relagcdo ao nimero de complicacfes
e tempo de hospitalizacdo (GIANOTTI et al., 2002).
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2. JUSTIFICATIVA

Suspeita-se que pacientes possam ser beneficiados através da
suplementacdo de imunonutricdo. Pacientes com cancer submetidos a cirurgias de
trato gastrintestinal por neoplasia podem ser beneficiados devido ao risco elevado
de apresentar complicacfes pos-cirurgicas. Estas complicagcbes ocasionam em um
aumento de custo para os hospitais, pois além da necessidade de obter todos os
recursos para cura da complicacao, alguns pacientes podem ser encaminhados para
Centro de Unidade Intensiva ou para uma nova cirurgia. Contudo, se sabe que os
suplementos com nutrientes imunomoduladores sdo de elevado custo para 0s
hospitais. Portanto, torna-se necessario avaliar a rentabilidade da aplicacdo deste
tipo de suplemento nestes pacientes e, assim, definir se este tipo de suplementacéo
realmente apresenta um custo-beneficio satisfatorio para receber investimentos de

hospitais.
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3. OBJETIVO

O objetivo desta Revisdo Sistematica é avaliar o custo-beneficio da
suplementacdo com imunomoduladores em pacientes com neoplasia do trato

gastrointestinal submetidos a ressecgao cirurgica.
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RESUMO

Introducdo: Custos, tempo de hospitalizacdo e morbidade estdo
frequentemente aumentados na presenca de infegcbes e outras complicacdes
decorrentes do cancer gastrointestinal. Recentemente, a melhora de mecanismos de
defesa do hospedeiro tem se tornado um alvo de interesse. Nutricdo adequada esta
fortemente relacionada com competéncia imune e reducdo de infecdes.
Imunonutricdo objetiva a melhora da imunidade, principalmente para manutencao de
linfécitos-T e outras defesas. Métodos: Este estudo consiste em uma reviséo
sistemética da literatura baseada em referéncia encontradas em bases de dados,
como PubMed, LILACS e SCIELO. A busca foi realizada com combinacg&o de termos
em inglés relacionados ao tema da revisdo: [immunonutrition, arginine, omega-3,
nucleotides] combinado com [costs, cost-effective, cost-effectiveness] e
[gastrointestinal cancer surgery, oesophageal, gastric or pancreatic surgery]. Para
analise de custos, moedas usadas nos artigos foram convertidas em Dolar
Americano. Seis estudos randomizados prospectivos foram incluidos nesta Revisao.
Conclusao: O custo-beneficio foi positivo na maioria dos estudos, sugerindo que
este tipo de dieta pode ser rentavel. Contudo, os resultados ndo podem ser
ampliados para outras regides devido a particularidades existentes.

Palavras-chave: Imunonutricdo, cirurgia oncoldgica gastrointestinal, custo-
beneficio.

ABSTRACT

Background: Costs, length hospital staying and morbidity are frequently and
significantly increased as a result of infections and other complications following
gastrointestinal tract cancer. Recently, improving host defence mechanisms have
become a target of interest. Immunonutrition aiming to improve immunity, most likely
providing key nutrients that maintain T-lymphocyte and other host defence. Methods:
The study consisted of a systematic review of the literature based on reference
analyses found in current databases such as PubMed, LILACS e SCIELO. The
search strategy was defined by terms related [immunonutrition, arginine, omega-3
and nucleotides] in combination with [costs, cost-effective and cost-effectiveness] as
well as [gastrointestinal cancer surgery, oesophageal, gastric or pancreatic surgery].
For cost analyses, currencies used in the papers needed to be converting to
American dollar (USD) in order to uniform and facilitate comparison. Six prospective
randomized studies were included in this review. Conclusion: The cost-effectiveness
was positive in most of studies, leading that this diet type can be profitable. However,
results cannot be extended to any region due to the particularities existents.

Keywords: Immunonutrition, oncologic gastrointestinal surgery, cost-
effectiveness.
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Introduction

Recently, the relation between infection rates and length of hospital staying
(LHS) has been increasing. Surgical procedures involving visceral organs are at a
particular high-risk to the patient. Immunity is compromised due to reperfusion and
tissue ischemia from stress associated with blood transfusion and haemorrhage [1].

Costs, LHS and morbidity are frequently and significantly increased as a result
of infections and other complications following gastrointestinal tract (GIT) and head
and neck cancer [2,3]. Wound infection, abdominal abscess, pneumonia, urinary tract
infections are considered postoperative infection complications. Other important
complications include: anastomotic leaks, acute renal failure and cardiovascular
events [2]. Usually, the policies used to reduce and prevent postoperative
complications emphasises on the pathogen eradication as perioperative antibiotic
prophylaxis, surgical trauma reduction, intraoperative contamination and
improvement in the hospital environment [4].

Only recently, improving host defence mechanisms have become a target of
interest. Adequate nutrition is strongly linked with immune competence and risk
reduction for infections [5, 6]. Immunonutrition is composed by omega-3 fatty acids
(w-3), arginine and nucleotides aiming to improve immunity, most likely providing key
nutrients that maintain T-lymphocyte and other host defence [7, 8].

The aim of this systematic review was to review immunonutrition for oncologic
patients who are undergoing surgery for GIT tract and to evaluate the cost-
effectiveness of this supplementation.

Methods

The study consisted of a systematic review of the literature based on
reference analyses found in current databases such as PubMed (National Library of
Medicine and National Institute of Health — USA), LILACS e SCIELO.

The search strategy was defined by terms related to immunonutrition
[immunonutrition, arginine, omega-3 and nucleotides] in combination with terms of
hospital costs [costs, cost-effective and cost-effectiveness] as well as oncological
patients undergoing GIT surgery [gastrointestinal cancer surgery, oesophageal,
gastric or pancreatic surgery]. The research occurred in September to October 2014.

SCIELO e LILACS did not provide any article. A total of 59 articles were found
in a first round. Studies included in the search were those carried out in adults and of
English or Portuguese language. No Portuguese articles were found. Reviews, meta-
analysis, short/brief communications articles or those that did not have full text
available and either methods or subject of the study clearly proposed were also
excluded.

Of the 59 articles, 43 (73%) articles were replicated and because of duplicity
were excluded from analyses. Additionally, four (7%) articles were reviews, three
(5%) were meta-analysis, one study was performed in children (2%), one had
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confused methods of cost assessment (1.7%), and one (1.7%) have the proposed
subject out of our scope, and were also excluded.

For cost analyses, currencies used in the papers needed to be convert to
American dollar (USD) in order to uniform and facilitate comparison; for this purpose
we considered the first day of the month and the year that the paper was submitted
or published as stated accordingly. Also all currencies have cost values updated by
1% Nov. 2014 at a European Central Bank website [9]. Two papers had Deutsche
Mark (DM) as currency [14, 15], one had Chinese Yuan Renminbi (RMB) [11] and the
other ones used Euro (EUR). It was not possible convert the currency from one
article because of the old date [14]. More details in Table 1.

Table 1 — Conversion details.

Author; year Currency Article date considered Rate

1 EUR = 1.95583 DM

Senkal M et al., 1999 DM December, 1999. 1 EUR = 1.0091 USD
Gianotti L et al., 2000 EUR September, 2000. 1 EUR =0.8902 USD
Ktek S et al., 2005 EUR April, 2005. 1 EUR =1.2959 USD
Braga M et al., 2005 EUR July, 2004. 1 EUR =1.2168 USD
Zhu M et al., 2012 RMB January, 2012. LEUR =8.1588 RMB

1 EUR =1.2939 USD

DM = Deutsche Mark; EUR = Euro; RMB = Chinese Yuan Renminbi.

Results and Discussion

Six prospective randomized studies were included in this review and these
articles are summarized in Table 2. The GIT cancer analysed were: GIT cancer in
general (n=3), colon or rectal cancer (n=1), upper GIT cancer (n=1) and gastric
cancer (n=1). In all articles w-3 supplement use was described. Arginine and RNA
were used as supplements in four studies and glutamine supplementation was used
in only one study. GIT supplement via chosen in the studies were: parenteral
supplementation (n=2), oral supplementation (n=3; in preoperative cases only) and
enteral supplementation (n=4). Table 3 describes the group characteristics of the
studies more detailed — age, sex and sample size.

Nutritional Status is described in Table 4. Albumin, pre-albumin and weight-
loss were chosen in three studies to define nutritional status. Body mass index (BMI)
and Nutritional Risk Index both were observed in two articles to define nutritional
status. One study selected just well-nourished patients [10]. The other studies have
not restricted nutritional status. Zhu et al. (2012) selected only elderlies (65 to 85
years old) that had 18.5 — 25.0 kg/m? BMI. Klek et al. (2005) classified your patients
in “well-nourished” and “minor grade malnutrition”, and then equally distributed the
sample into the three groups.
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Table 2- Articles Description.

Author, year,
Country;

Journal, Study;

Sample, cancer type;

Diet

Diet administration

Supplementation via

Senkal M et
al., 1997.
Germany.

Senkal M et
al., 1999.
Germany.

Gianotti L et
al., 2000.
Italy

Kitek S et al.,
2005
Cracow.

Braga M et
al.,

2005.

Italy.

Zhu M et al.,
2012.
Chine.

Crit Care Med
Prospective, randomized,
double-blind study and a
retrospective cost-
comparison analysis.

Arch Surg.
Prospective, randomized,
double-bind study.

SHOCK
Prospective, randomized,
double-bind study.

Acta Chir Belg
Prospective, randomized
study

Nutrition

Prospective, randomized
study and a retrospective
cost-comparison analysis

Chin Med J.
Prospective, randomized,
double-blind study

154 patients.
Upper gastrointestinal
cancer.

154 patients.
Gastrointestinal tract
cancer.

206 patients.
Gastrointestinal tract
cancer.

90 patients.
Gastric carcinoma.

305 well-nourished
patients.
Gastrointestinal tract
cancer.

57 Elderly patients with
a body mass index
(BMI) of 18.5-25.0
kg/mz.

Colon or rectal cancer.

Treatment group: diet
supplemented with arginine,

omega 3 and RNA
Control group:
isonitrogenous and
isocaloric liquid diet.

Treatment group: diet
supplemented with arginine,

omega 3 and RNA

Control group: isocaloric
liquid diet.

Treatment group: diet
supplemented with arginine,

omega 3 and RNA
Control group:
isonitrogenous and
isocaloric liquid diet.

Group Control: standard
diet;

Group B: diet supplemented
with glutamine

Group C: diet supplemented
with omega-3.

Diet specialized
supplemented with arginine,
RNA and omega-3.

Treatment group: 0,2 g/kg
fish oil and 1,0 g/kg
soybean oil.

Control group: 1,2 g/kg
soybean oil

The feeding was started in the first
postoperative day.

They are fed at least 5 d before
surgery and at least 5 d after surgery.

The groups received the diet for 7 d
before and 7 d after the surgery.

The diet was started 24 hours after
surgery and continued for at least 7 d,
until enteral diet covering at least 60%
of protein and energy requirements
was administered.

Preoperative group - received a
specialized diet for 5 d before surgery.
Perioperative group - received the
same preoperative treatment plus
specialized diet for 7 d after surgery.
Conventional group — no
supplementation.

Both groups had diet started on the
first day after surgery and ended on
the morning of the eighth day.

Enteral Nutrition.

Preoperative: oral
Postoperative: enteral.

Preoperative: oral
Postoperative: enteral.

Parenteral Nutrition.

Preoperative: oral
supplementation
Postoperative: enteral
supplementation

Parenteral Nutrition.
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Sample Size Age (y) Male:Female
Author, year; %orr;turgl g:iitb Control Group Treat. Group %orr;tljgl g:iitb
%%%a Metal, 102 102 68.1(11.7SD)  69.4 (10.1 SD)* 56:146  50:52*
%852'\" etal, 28 29 70.8(6.4SD)  69.8(105SD)  17:11  16:13
SenkalMetal, 7 78 67 (9 SD) 64 (11 SD) 48:30  52:24
%%r(‘)om Letal, 104 102 61.1(9.5SD)  60.8(11.5SD)  42:62  39:63
SenkalMetal, 77 77 66.3(1.8SD)  65.1(1.5SD)  Notavailable
;é%lés etal., 30 g:gﬂg g zé Total Sample: 61.9 Total Sample: 51:39

Group A = control group; Group B = glutamine supplemented group; Group C = omega-3 supplemented group; Treat. =

Treatment; Preoperative group only*. SD = Standard Deviation.

Table 4 - Patients Nutritional Status.

h Sample Albumin (g/ml) Pre-albumin (mg/dL) Weight Loss (%) BMI Nutrition Risk Index
Aut ,
;ea?;r Nutrition Control Treat. Control Treat. Control Treat. Control Treat. Control Treat.
al Status Group Group Group Group Group Group Group Group Group Group
5 Well- 0.3
Mrigtlil nourishe 40 (6.5 40(5.6 0.2(0.07 (0.08 27 226 \a NA
2005 Tod SD) SD)* SD) s SD) SD)*
. SD)
patients.
Zhu M Different
etal, nutritiona NA NA NA é%)z 36 é|2:);3 31 NA
2012 | status
;*‘Z'T S Different
2005’ nutritiona  NA NA NA NA NA
| status
Senkal Different
Metal, nutritiona NA NA NA é%)z (36 ;23)9 (81 21D§15 g|73§12
1999 | status
Gianotti  Different
Cetar, nuiiona 311 3800 a Y NA
2000 | status
Senkal Different
Metal, nutritiona NA NA NA NA 28D§1'7 g%? (1.9
1997 | status

Treat. = treatment; BMI = Body Mass Index; NA = Not Available; Preoperative group only*. SD = Standard Deviation.
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Reduction of complications

Overall, the articles found a reduction of complications in the group that
received some type of immunonutrient. Five of them, demonstrated a statistically
significant difference on complications [10, 11, 13-15]. On the other hand,
considering Intensive Care Unit (ICU) admissions, two studies did not present any
protection by supplementation [10,13].

Braga et al. (2005) supplementing with arginine, RNA and w-3 showed a
significant decrease in the number of patients who developed postoperative
infections in both treatment groups received immune-enhancing diets as compared to
controls. Though, complications were not isolated analysed by groups; they were
classified as major (infections complications) and minor (non-infections
complications). Both complications were reduced in the groups with patients
receiving immunonutrition. There were 42 major complication episodes (18 in the
conventional group, 10 preoperative and 14 perioperative group) and 157 minor
complications (67 in the conventional group, 44 in the preoperative, and 46 in the
perioperative). Eight patients were transferred to the ICU (four in the perioperative
group, three in the conventional, and only one in the preoperative).

Gianotti et al. (2000) supplemented arginine, RNA and w-3 in GIT cancer
patients as well. They found that the number of complications was significant lower
(except for peritonitis) in the treatment group; where less anastomotic leak and
pneumonia occurred. Two and three treated and non-treated patients were sent to
ICU, respectively. Same immunonutrients were analysed in another randomised
study, including 18% of the patients with GIT cancer showing postoperative
complications. After postoperative day 3, the number of patients who developed
complications was significantly lower in the treatment group than in the control group.
Moreover, the number of patients who had late complications was suggestively lower
in the treatment group compared to control group [14].

Upper GIT cancer patients were observed in a study using arginine, RNA and
w-3. A total of five deaths occurred, three in the group receiving the studied diet and
two controls receiving standard formula. The causes of death in the treatment group
were systemic inflammatory response syndrome (SIRS; n = 2) and myocardial
infarction (n = 1). Two eligible patients who received control diet died because of
cardiopulmonary complications. The number of patients with complications clearly
decreases as for postoperative day 4 under immunonutrition, considering the number
of patients with complications in control group remained at a constant level until
postoperative day seven. Among 77 eligible patients, 17 and 24 in the supplemented
diet and non-supplemented groups experienced postoperative complications,
respectively. Also, late complications were much more observed in controls than in
treatment group (5 vs. 13 cases; p<0.05). However, prevalence of complicating
events was not significantly lower in the supplemented diet group complications as
compared with controls (30 vs. 32 cases) [15].


http://emedicine.medscape.com/article/168943-overview
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Elderlies with colon or rectal cancer were analysed by Zhu et al. (2012). Eight
patients in the control group (five respiratory tract infections, one urological and two
wound infection) as compared to four (three respiratory tract infections and one
wound infection) in the treatment group that received fish oil (P >0.05) had
postoperative complications. Besides that, fish oil significantly reduced the incidence
of SIRS (P <0.05). Omega-3 fatty acids were observed too in the study of Ktek et al.
(2005) and pneumonia was observed more frequently in the control group, but no
significant differences were seen between immunomodulation and standard groups.

Two deaths occurred in a treatment group because of SIRS [15] while another
study observed prevention [11]. However, in that study where deaths occurred, w-3
was offered associated to arginine, while in the second study [11] that found
protection to SIRS isolated omega-3 fatty acids was offered. Studies done with
critical patients pointed that the use of arginine in sepsis patients was associated with
higher mortality rates [16,17], suggesting that arginine, by increasing pro-
inflammatory cytokines and nitric oxide, increased the inflammatory response due to
toxic effects, bigger in patients with sepsis, SIRS or severe infection [18]. Omega-3
fatty acids reduced in a significantly way the incidence of SIRS in another studies too
[19, 20, 21].

LHS

All the studies that analysed LHS found that treated patient groups had a
shorter hospital admission.

Zhu et al. (2012) showed that mean (SD) LHS in treatment group significantly
decreased compared to control group; 12(4) days and 15(6) days, respectively (p
<0.05). Senkal et al. (1997) and Klek et al. (2005) did not find significantly differences
between control and treatment group.

Patients receiving w-3 supplementation resulted in shorter number of mean
(SD) days in hospital — 14 (4) days — when compared to those receiving glutamine
supplementation — 14 (8) days — and to controls — 16 (4) days. The range was also
bigger for controls (9 to 45 days) when compared to w-3 (9 to 42 days) and
glutamine (8 to 41 days) supplementation [12]. Senkal et al. (1997) supplementing
patients with w-3, arginine and RNA diet found that these patients had a mean (SD)
LHS of 5.1 (1.2) days in the ICU vs. 6.8 (1.4) days for the controls. Total (SD) LHS
was 27 (2.3) days in the supplemented diet group vs. 30.6 (3.1) days for controls.
The same immunonutrient combination was given by Braga et al. (2005) who
separately analysed LHS by cancer type in patients without complications. Mean
(SD) LHS values for patients who underwent gastro-oesophageal resection were
10.7 (3.9) days in the control group and 9.9 (4.2) in the preoperative group. Mean
(SD) LHS values for patients who underwent pancreatic resection were 13.8 (6.1)
days in the standard diet group and 12.7 (5.8) days in the preoperative group. The
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mean (SD) LHS values for patients who underwent colorectal resection were 8.8
(4.0) days in the control group and 8.4 (3.7) days in the preoperatively treated group.

Cost-effectiveness

As expected, the supplemented diet costs were higher than standard diet in all
studies. Overall supplemented diet costs ranged from 14 USD to 101 USD per-
patient while standard diet costs ranged from 22 USD per-patient to 348 USD per-
patient. These costs are shown in Table 5.

Table 5 — Supplemented diet costs.

Nutrition Cost

Author, year; Control Group Treat. Group
4,146 USD 17,922 USD

Braga M etal., 2005 41 USD per patient 176 USD per patient

Zhu M et al., 2012 407 £70 USD 638 +49 (<0.01) USD

Senkal Met al., 1999 25 USD per patient 179 USD per patient
91 USD per patient (intent-to-treat

. . analysis) 309 USD per patient (intent-to-treat analysis)

Gianotti L et al., 2000 101 USD per patient (core 348 USD per patient (core analysis)
analysis)

Kiek S et al., 2005 Not available 8,668 USD (<0.5)

299 USD per patient *

Omega 3 supplemented group only*

Braga et al. (2005) showed the values of each complication based in LHS and
resources used for major complications where the largest mean cost was sepsis
(16,669 USD) occurring in three patients who had the most expensive resources
used (15,173 USD). Abdominal abscess and anastomotic leak had the largest mean
spending due to prolonged LHS. For minor complications, wound dehiscence that
occurred in seven patients had the most expensive mean (7,740 USD), mainly
because of prolonged LHS. Intestinal obstruction (n=2) had the largest mean cost
(3,340 USD) due to resources used. There was only one episode of pulmonary
embolism, but expenses (1,940 USD) were higher because of the resources used.
No significant difference was found after comparing the mean cost of each
complication across the three treatment (perioperative or preoperative
supplementation vs. control) groups.
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Senkal et al. (1999) analysing complications found that the most expensive
early complication was pneumonia in supplemented group (6,008 USD), occurring in
only one patient. In late complications the largest expenses were ICU admissions,
pneumonia and sepsis (21,499 USD) in the supplemented (n=6) group, and
pneumonia, anastomotic leak and pancreatitis (55,226 USD) for controls (n=17). Per-
patient costs of treating postoperative complications were 497 USD in the group
receiving immunonutrition and 1,387 USD in the control group. Gianotti et al. (2000)
found that immunonutrition reduced the complications cost too. Mean total cost per
complication was 3,874 USD in the treatment group and 6,385 USD in the control
group, and in the intent-to-treat analysis and 2,660 USD in the treatment group
versus 6,431 USD in the control group (core analysis; p= 0.05).

The total costs of treating postoperative complications amounted to 69,735
USD in the treatment group vs. 217,104 USD in the control group in the intent-to-
treat analysis and 37,251 USD in the treatment group vs. 205,786 USD in the control
group. The most expensive treatments to supplemented group were peritonitis
(17,978 USD) in the intent-to-treat analysis — one instance — and anastomotic leak
(mean cost 5,390 £2,591 USD) - five instances. Anastomotic leak was the most
expensive treatment in the control group as well (14,038 USD) in both analyses
(n=10).

A basic analysis based in LHS found that immunonutrition cannot be
profitable. Overall costs reached approximately 10,885 USD in control group; 11,075
USD in glutamine, and 13,672 USD in w-3 diet supplementation. Authors did not
evaluate, however, complications costs, compromising the profitability of
immunonutrition [12].

The cost-effectiveness was positive in Gianotti et al. (2000) study. They found
that the treatment with immunonutrition was overcompensated comparing to costs of
postoperative infection treatment. It generated a significant net saving in the infection
complications treatment of 1,186 USD in the intent-to-treat analyses and 1,484 USD
in core analysis per complication-free patient. The total costs in a cost-effectiveness
analysis produced a saving of 2,124 USD in intent-to-treat analysis and 2,416 USD in
core analysis. Overall costs were 8,498 USD in the treatment group versus 12,060
USD in the control group, saving 3,562 USD in favour to immunonutrition.

The most recent study [11] did not find significant difference in the total
medical care costs (nutritional plus non-nutritional) between the groups 6021 USD in
control group and 6030 USD in treatment group. On the other hand, Senkal et al
(1999) calculated immunonutrition supplementation was profitable, resulting a net
saving of 1,439 USD per-patient in favour of immunonutrition. The total costs in the
supplemented group were less than half 75,857 USD when compared to control
group 206,099 USD. Senkal et al. (1997) did not find a statistically difference in the
mean treatment costs per patient, but 32% were saved when total complications
costs were analysed. Braga et al. (2005) related a net saving of total costs of
176,780 USD favourable to group that received immunonutrition in the postoperative
period. Per patient, 2,280 USD was the cost-effectiveness in the preoperative group
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(P=0.04) and 3,799 USD in the conventional group, saving 1,521 USD. When the
analysis limited to infection complications the cost-effectiveness was 2,990 USD to
conventional group and 956 USD to preoperative diet specialized group. The same
did not happen to non-infection complications where no difference was found.

A randomized clinical trial out of this review concluded that for malnourished
patients the use of nutritional approach seemed to be more clinically beneficial than
only preoperative intervention [22]. Just one study included only well-nourished
patients. They found that sole preoperative immunonutrition can be clinically and
economically enough. This may explained, because malnourished patients have
energy and nitrogen needs increased and immune response decreased. So,
prolonged administration of immunonutrients on a diet can be indicated. [10]

The present systematic review showed that there were lots of advantages in
the use of a diet with immunonutrients. The LHS and complication reduction can
cause a less value of total patient expense. This review included a small number of
studies what may difficult wider interpretations. For economic analyses, some
limitations may influence the reproducibility, since old articles can be economically
outdate, and especially considering that some articles have not the research date
informed. Besides that, economic parameters used may differ from country to country
based on the type of health care system and reimbursement rates they have [10],
and more studies on cost-effectiveness needed to be carried out. In Brazil, there is
no actual data about cost-effectiveness of immunonutrition [23].

Conclusion

Immunonutrition reduces complications and LHS, maybe excepting ICU
admissions and death. The cost-effectiveness was positive in most of studies,
leading that this diet type can be profitable. However, results cannot be extended to
any region due to the difference between the health system and currency from
country to country.
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