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The impact of immunonutrition in head and neck
cancer surgery: a systematic review with meta-
analysis
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Cover figure. The use of immunonutrition formulas enriched with glutamine (Glu), arginine
(Arg) or eicosapentaenoic acid (EPA) in patients undergoing surgery for head and neck cancer
significantly reduces the risk of fistula formation and length of hospitalisation, and helps de-
crease infections of wounds and other sites.

Summary

Objective. Malnutrition is common among patients undergoing surgery for head and neck cancer
(HNC), leading to higher postoperative complications and mortality rates. Immunonutritional interven-
tion has potential in reducing these risks by enhancing immune function and aiding wound healing.
Methods. A systematic review and meta-analysis were conducted according to PRISMA guidelines.
Nineteen randomised controlled trials involving 1,196 participants undergoing surgery for HNC
were included. Studies comparing immunonutrition with standard care were analysed for outcomes
including fistula formation, wound infections, other infections, and length of hospital stay.
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Results. Immunonutrition significantly reduced postoperative fistulas and shortened hospital stays compared to standard care. The impact on wound and
systemic infections was inconclusive. Immunonutrition was generally well-tolerated, with no significant increase in adverse events.

Conclusions. These findings highlight the potential benefits of immunonutrition in improving postoperative outcomes for patients with HNC. However, the
variability in study outcomes and limitations in quality call for further research to clarify the specific efficacy, long-term effects, and cost-effectiveness of

immunonutrition in this context.
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Introduction

Malnutrition is prevalent in more than 50% of patients with
head and neck cancer (HNC) ! and results from various fac-
tors, including difficulties in eating, inflammatory response
triggered by tumours, poor dietary habits, and adverse ef-
fects of surgical procedures, chemotherapy, and radiothera-
py 2 Malnourished patients have well-documented immune
deficits which, combined with the immune-suppressive ef-
fect of surgery, may lead to increased postoperative com-
plications, including impaired wound healing, local and
systemic infection, cardiac and respiratory dysfunction,
increased length of hospital stay and mortality '*. Major
surgery for HNC often requires mucosal incision in con-
taminated areas such as the oral cavity, nose and paranasal
sinuses, oropharynx, larynx, hypopharynx, or cervical oe-
sophagus. These regions typically harbour microorganisms
found on mucous surfaces *. This type of wound, considered
“clean-contaminated,” carries a significant risk, potentially
as high as 50%, for surgical complications, which include
the development of cutaneous fistulas and wound infec-
tions *°. A cutaneous fistula, which can manifest as oro-or
pharyngo-cutaneous, stands as one of the most severe com-
plications and can result in significant health issues encom-
passing carotid artery/jugular vein blowout, mediastinitis,
aspiration pneumonia, sepsis, and, in some cases, even
death. Furthermore, these postoperative problems usually
prolong hospitalisation, possibly causing a delay in adju-
vant therapies, which in turn may lead to a decreased effi-
cacy of the overall treatment strategy. In addition, they may
greatly impact the patient’s quality of life due to delays in
resuming oral intake and voice rehabilitation.

It is now established that certain substances, in addition to
their primary role in providing essential nutrients, are as-
sociated with pharmacological-like effects on the immu-
nity system. These immune-boosting nutrients encompass
a wide range of compounds, including fats like n-3 fatty
acids, amino acids such as arginine and glutamine, and vi-
tamins like vitamin E, as well as other elements like nu-
cleotides and antioxidants. These can be administered ei-
ther through the digestive system or intravenously. Existing
evidence suggests that nutritional supplements containing
these immune-enhancing additives can positively influence
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the immune and inflammatory responses, both in labora-
tory settings and in patients dealing with trauma, burns,
or gastrointestinal surgery 7°. Meta-analyses indicate that
immunonutrition can reduce the occurrence of infectious
complications in critically-ill patients '° and in patients with
HNC !12, Moreover, particular attention to immunonutri-
tion has been given in the last years, especially with the
implementation of the Enhanced Recovery After Surgery
(ERAS) programmes, adding complexity to the assess-
ment of this particular treatment '*!5. A standard nutritional
diet contains whole protein, partially digested starch and
triglycerides, electrolytes, trace elements, and vitamins.
The most extensively studied nutrients in immunonutri-
tion formulas are arginine, glutamine, omega-3 fatty ac-
ids, and nucleotides. Arginine, the most commonly used
immunonutrient for patients with HNC, is a non-essential
amino acid with roles in nucleotide synthesis, polyamine
production, nitric oxide generation, and proline formation.
Arginine can potentially enhance lymphocytic function and
facilitate wound healing. Glutamine, another amino acid,
serves as an energy source for rapidly dividing cells in the
body, especially enterocytes and colonocytes. The addition
of omega-3 fatty acids to enteral nutrition feeds can reduce
proinflammatory factors in stressed patients and with the
potential to lower the rates of infection. The specific content
of immunonutrition formulas may vary among products.

The present systematic review and meta-analysis is aimed at
evaluating the current evidence on the impact of enriched nu-
tritional formulas on surgical outcomes in patients with HNC.

Materials and methods

The systematic review and meta-analysis adhered to the
principles outlined in the PRISMA declaration '°.

Inclusion criteria

Studies were eligible for inclusion if: 1) were randomised,
double-blinded, controlled trials; 2) included as target pop-
ulation patients undergoing surgery for HNC; 3) compared
standard care vs. immunoenhanced nutritional formulas in
pre- and/or postoperative settings; 4) enrolled adults aged
18 years or older; 5) were written in English.



Exclusion criteria
The exclusion criteria encompassed non-randomised stud-
ies and treatment strategies not including surgery.

Intervention

The intervention involved the administration of polymeric
nutritional supplements enriched with immunonutritional
additives through either oral or enteral routes. Studies eligi-
ble for inclusion were required to administer immunonutri-
tion either before and/or after the surgical procedure. Co-
administration of other oral or parenteral substances was
allowed, provided that the quantity of immunonutritional
additives was quantified. It is worth noting that the compo-
sition of immunonutrition formulas can vary across differ-
ent products, and we documented the specific product used
in each study.

Control

The control group received standard care, which typically
included intravenous fluids and/or polymeric nutritional
supplements. The comparison was between immunonutri-
tion and standard care.

Outcomes

The primary outcome of interest was to evaluate the im-
pact of immune-enhanced nutritional formulas on the oc-
currence of postoperative complications, such as fistulas,
surgical site infections, and other infections. Additionally,
the review aimed to assess the effect of these formulas on
the in-hospital length of stay (LoS). Secondary outcomes
included mortality and adverse effects associated with en-
teral nutrition, such as diarrhoea.

Search methods for identification of studies

A comprehensive bibliographic search was performed
across multiple databases, including PubMed, Embase, and
the Cochrane Library. The search terms employed includ-
ed “Head and neck neoplasms”, “Head and neck cancer”,
“Nutritional intervention”, “Immunonutrition”, ‘“Prehabili-
tation”, and “Complication rate”. These terms were com-
bined using the Boolean operators “AND” and “OR”.

Selection of studies

Two review authors (CLM, GT) independently examined the
titles and abstracts of studies identified through the search
strategy. Inconsistency between review authors regarding ar-
ticles for full-text reading was resolved by consultation with
senior authors. We obtained full-text papers for all studies
that could not be excluded on the basis of title and abstract.
The same review authors then independently refined their
selection by examining the articles selected and excluding
those not relevant to the review. The review authors recorded
agreement on study inclusion and resolved disagreement by
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consensus. We documented decisions on all studies and these
are presented in the PRISMA flow-chart (Fig. 1).

The randomised controlled trials identified were considered
suitable for review if they met the initial inclusion criteria.

Statistical analysis

Quantitative data, including mean and standard deviation
for each variable, as well as frequency of measured quali-
tative outcomes, were extracted. A meta-analysis was per-
formed calculating proportions and mean differences (MD)
along with 95% confidence intervals (95% CI). Heteroge-
neity, representing differences among studies that may af-
fect result aggregation, was assessed using the Q test, with
heterogeneity considered present when p < 0.05. Significant
differences between interventions were considered when
the 95% CI did not include the value O (for MD).

Results

The electronic searches retrieved 1,765 results. We identified
3 further records through scanning the reference lists of stud-
ies. After selecting 90 articles by title, we screened titles and
abstracts, finding 28 records. We sought full texts for all of
the selected reports and excluded a further 8 records because
they were not matching inclusion criteria. Finally, 19 studies
were included in the systematic review and 16 were selected
for quantitative comparison in the meta-analysis. The charac-
teristics of the studies included are in Table L.
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through database serching
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Figure 1. PRISMA flow-chart of screening process.
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Table I. Studies included in the systematic review.

Article Study characteristics Intervention

Post (days) Immunoenhanced
(days) formula

Snyderman 2 1999 129 (82-47) Standard formula Arginine, RNA and
omega-3 fatty acids
(Impact, Nestle)

Riso % 2000 RCT 44 (23-21) / > 10 (following total Standard formula Arginine-enhanced Until hospital
laryngectomy) or > 21 formula discharge
(following partial laryngectomy)
Van Bokhorst 2 2000 RCT 32 (17-19) 7-10 >10 Standard formula Arginine-enhanced 7d (= 16 mo for
formula survival)
De Luis % 2002 RCT 47 (24-23) / 22 (x12) Standard formula Arginine-enhanced | 4d postoperatively
formula and 3mo post-
discharge for
mortality
De Luis *' 2003 RCT 36 (18-18) / 20 Standard formula Enteral diet 5d

supplemented with
arginine and fibre

De Luis % 2004 RCT 90 (45-45) / >10 No support Glutammine enriched 14d

De Luis 3 2005 RCT 29 (14-15) / 20 Isocaloric, Arginine-enhanced 6d
isonitrogenous formula
enteral formula

De Luis "7 2007 RCT 72 (35-37) / 16 (= 9) Isocaloric, Arginine-enhanced Until hospital
isonitrogenous formula discharge
enteral formula

Casas Rodera ' 2008 RCT 29 (14-15) / 145 (x 8) Standard formula Arginine, RNA and 14d

omega-3 fatty acids
(Impact, Nestle)
Sorensen ?' 2009 RCT 15(8-7) 7 7 Standard formula Impact recover oral 29d
drink or Impact
Glutamine tube feeding

De Luis '° 2009 RCT 72 (38-34) / >10 Isocaloric, Arginine, RNA and 10d
isonitrogenous omega-3 fatty acids
enteral formula (Impact, Nestle)
Felekis 2 2010 RCT 40 (20-20) 5 8 Enteral nutrison Arginine, RNA and 8d
(Nutricia) omega-3 fatty acids
(Impact, Nestle)
Ghosh % 2012 RCT 57 (28-29) 5 7 Standard formula Arginine-enhanced 30d
formula
Turnock % 2013 RCT 8 (4-4) 5 >5 Standard formula Arginine, RNA and Until hospital
omega-3 fatty acids discharge
(Impact, Nestle)
Falewee 2014 RCT 205 (141-64) 7 7-15 Standard formula Arginine, RNA and 90d

omega-3 fatty acids
(Impact, Nestle)

De Luis '® 2014 RCT 80 (42-40) / >10 Isocaloric, Arginine-enhanced 10d
isonitrogenous formula
enteral formula
Hanai 2018 RCT 27 (13-14) 14 15 No support EPA-containing 14d
nutritional supplement
Jantharapattana 2 2020 RCT 62 (31-31) 7 14 Standard formula EPA-containing Until hospital
nutritional supplement discharge
Sittitrai 2 2021 RCT 116 (60-56) 7 / Standard formula Immune-enhancing 15d
diet

Legend: RCT: randomised control trial; d: days; mo: months; N: number of patients; I: patients treated by immunonutrition; C: controls; EPA: eicosapentaneoic acid..
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Setting

Studies were set in hospitals and conducted in 9 countries: 8
from Spain '"'*'°, 2 from the USA 22!, 2 from Thailand >,
and one each from Greece **, France %, Italy %, Nether-
lands %', New Zealand %, Japan ¥, and UK *. Eighteen stud-
ies were single-site studies and one was multicentre .

Participants

The 19 studies included encompassed 1,196 participants un-
dergoing surgery of the upper aerodigestive tract (sites in-
cluded oral cavity, pharynx, and larynx) for HNC (Tab. II).
Studies included adults only and the mean age of study partici-
pants ranged from 47 to 66 years. There were more males than
females in most studies, and the mean body mass index (BMI)
ranged from 19.9 to 26.5 kg/m?. Studies excluded people with
a range of medical conditions including impaired renal or he-
patic function, ongoing infections and autoimmune disorders,
those on steroid treatment or nutritional oral supplementation
in the previous 6 months and those who were malnourished/
had severe cancer cachexia or sarcopenia, those who were
morbidly obese, patients with contraindications to enteral nu-
trition/patients with inborn errors of metabolism relating to the
composition of the formula, patients treated with chemothera-
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py and/or radiation therapy delivered to the head and neck dur-
ing the previous year or chemoradiotherapy or other treatment
protocols concurrent to the intervention, patients testing posi-
tive for HIV, patients with diabetes, and pregnant or breast-
feeding women. In all the studies reported, patients were ran-
domly assigned to one of two treatment groups according to a
computer-generated 1:1 randomisation schedule.

Intervention

The intervention group consisted of 620 patients. The various
approaches employed in the studies are listed in Table 1. The
majority (14 of 19) used immunonutrition formulas containing
arginine, 2 studies employed glutamine powder, 2 others used
an eicosapentaenoic acid (EPA)-enriched oral nutritional sup-
plement, and one employed an unspecified product. In cases
where the intervention was administered preoperatively, the
duration ranged from approximately 5 to 14 days (in 10 stud-
ies). In contrast, when feeds were given postoperatively, there
was more variability, with durations ranging from approxi-
mately 5 days to an average of 22 days =+ 12 (in 18 studies).
The control group of 576 patients received, in most studies (17
of 19), a commercial polymeric feed postoperatively, some
of which contained additional fibre. In 5 studies, the control

Table II. Patients included in the systematic review.
Article

Number of patients

Immunonutrition Control

Immunonutrition

Mean age Gender (M:F)

Control Immunonutrition Control

Snyderman % 1999 82 47 63+9.8 61 +11.7 63:19 32:15
Riso % 2000 23 21 60.8 + 9.1 63.2 +5.7 21:2 18:3
Van Bokhorst 2 2000 17 15 59+ 12 60«38 12:5 7:8

De Luis * 2002 23 24 63.1+12.7 59.3+10.5 2:21 3:21

De Luis ¥ 2003 18 18 63.1+12.7 59.3+10.5 1:17 1.27
De Luis ® 2004 45 45 60.2+12.5 606115 3:42 3:42
De Luis 3 2005 14 15 60.7 +11.6 629+11.6 2:12 312
De Luis 7 2007 35 37 62.1+12 61.5+ 11 4:31 3:34
Casas Rodera ' 2008 14 15 50 +£13.7 542 +13 14:.0 15:0
Sorensen %' 2009 8 7 589+7.4 61.9+85 30:8 277
De Luis ' 2009 38 34 63.1+13 61.2+9.9 8:0 7:0

Felekis 2 2010 20 20 61+38 63.2+3.9 18:2 18:2
Ghosh % 2012 28 29 62 (57-65) 60 (53-66) 24:4 26:3
Turnock 2 2013 4 4 51.2 (28-68) 47.2 (17-79) 311 31

Falewee 2014 105 104 59 +9.7 59.5+9.6 87:18 86:18
De Luis ' 2014 42 40 65.5+12.2 63.6 + 10.5 37:5 35:5
Hanai # 2018 13 14 61.5 (45-77) 66.1 (47-76) 8:5 8:6

Jantharapattana % 2020 31 31 552 +13.5 59.5+13.4 24:7 26:5
Sittitrai % 2021 60 56 57.3+9.6 55+9 41:19 35:21
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group received a standard polymeric feed both pre- and post-
operatively 2!*+22730 Additionally, in one study, 2 groups were
combined in the analyses, with one group having received the
control feed both pre- and postoperatively, and the other only
receiving it postoperatively . The follow-up times for survival
data differed significantly among studies, ranging from 5 post-
operative days *! to more than 16 months ',

Primary outcomes

FISTULA FORMATION

Fistula was reported in 12 studies. The absolute risk ranged
between 0% 2'%*32 to 13% ? in the immunonutrition groups,
and between 2% *° to 29% *' in the control groups. The
events were almost halved passing from the control group
(a total of 58 events among 441 patients, or 13%) to the
immunoenhanced group (a total of 27 events among 484
patients, or 6%). Only in one study ?° were fistulas more
represented in the intervention group than in the control
group. The meta-analysis showed a statistically significant
reduction in fistula formation with immunonutrition com-
pared to standard care: the combined difference was -0.077
(95% CI -0.115 to -0.039, 12 studies, n = 925) (Fig. 2).

WOUND INFECTIONS

Wound infections were reported in 12 studies including 855
patients. In one study ‘wound complications’ was reported .
The Additional treatment, Serous discharge, Erythema, Pu-
rulent exudate, Separation of deep tissues, Isolation of bacte-
ria, and Stay as inpatient prolonged over 14 days (ASEPSIS)
scoring method ** was mainly used to assess the presence of
surgical site infections. In 2 studies > infectious complica-
tions were judged using CDC criteria and were considered
significant if antibiotic therapy was instituted. Absolute risks
ranged from 3% ' to 61% ** in the immunonutrition groups,
and from 0% '8 to 59% * in the control groups. Events were
slightly more common in the control group (79 events among

406 participants, 19%) than in the immunoenhanced group
(68 events among 449 participants, 15%). A meta-analysis
of the results of these studies found no significant reduction
in the risk of postoperative wound infection with a difference
between proportions of -0.035 (95% CI of -0.078 to 0.009,
13 studies, n = 855) (Fig. 3).

EFFECTS ON OTHER INFECTIONS

The presence of infections in locations other than the surgical
site (e.g. respiratory tract infection diagnosed with chest X-
rays, temperature above 38.5°C, and isolation of pathogens
from the sputum and/or blood culture and/or urinary tract
infection) was evaluated in 10 trials including 682 patients,
360 receiving immunonutrition and 154 receiving standard
care. The prevalence of infections ranged between 0% ' to
43% 3° with immunonutrition, and between 0% % to 50% 2
with an isonitrogenous-isocaloric diet. When all the trials
that reported this outcome were included in the meta-analy-
sis, there was no statistically significant difference between
interventions: the combined difference was -0.034 (95% CI
-0.094 to 0.027, 10 studies, n = 628) (Fig. 4).

IN-HOSPITAL LENGTH OF STAY

LoS was reported in 12 studies and was defined as the time
from surgery to the date when the patient was deemed med-
ically fit for discharge in all studies. The mean LoS ranged
from 15.3 to 31.1 days in the immunonutrition groups and
from 17.4 to 46.1 days in the control group. We found evi-
dence of a statistically significant reduction of LoS when
nutritional support was given through immunoenhanced
formulas with a difference of -3.937 (95% CI -4.699 to
-3.174, 12 studies, n = 905) (Fig. 5).

SECONDARY OUTCOMES

Many of the studies also analysed the influence of immu-
noenhanced nutrition on inflammatory response, gastroin-
testinal problems related to enteral feeding, and survival.
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Figure 2. Forest plot evaluating the impact of immunoenhanced nutri-
tion vs standard care on fistula formation.
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Figure 3. Forest plot evaluating the impact of immunoenhanced nutri-
tion vs standard care on wound infections.



Immunonutrition in head and neck cancer surgery

Difference (95% CT)
Casas Rodera 2008 o4 s -0.067 (-0.193-0.06) -
De Luis 2002 923 924 0.016(:0262-0294)
De Luis 2004 aus 945 -0.109 (-0.254 - 0.035)
De Luis 2007 235 %37 0,003 (-0.103-0.109) —
De Luis 2009 938 14 0.031(-0.161-0223)
Ghosh 2012 1228 829 0,153 (:0.092-0.398)
Jantharapattana 2020 01 031 0.065 (:0.022-0.151) ——
Sititrai 2021 10/60 1456 -0083 (0231 -0064)
‘Snyderman 1999 1982 1947 -0.173 (034 --0.005)
Tumock 2013 04 24 -0.500 (-0.99--0.01)

Total 67360 plc) 0,034 (-0.094-0.027) 02723 &

Heterogeneity: Cochran’s 0= 146.020 X2 = 94%  p-value < 0.0001

Immunonutriton  Standard care

Difference 9% C1) Pvalue
Snyderman 1999 153291 masns 2100633930807 ce
Riso 2000 2116 Be126 30005530 0470)
Van Bokbors 2000 s 6230 15002155 - 8451)
De Luis 2002 2ssis 322191 400 (1159--5213)
De Luis 2004 9200(1218-6229)
De Luis 2007 n9:n masn 03003093 - 249%)
Cass Roders 2008 186275 183275

De Luis 2009

Ghosh 2012 3124205 3534326

Turnock 2013 182167 185 277
Falewee 2014 262137 n4sns 12000013 -2413) L.
Sitivai 2021 26297 282169 5200 (6973 - 3472) —e—i

a0 e 'S

C -238.603 . =95%

Figure 4. Forest plot evaluating the impact of immunoenhanced nutri-
tion vs standard care on other infections.

These parameters were not included in the present meta-
analysis, but were included in the review.

INFLAMMATORY RESPONSE

This outcome was assessed by measuring serum levels of al-
bumin, prealbumin, transferrin, total number of lymphocytes,
lymphocyte subsets, and serum immunoglobulin concentra-
tions, along with interleukin-6, tumour necrosis factor-c., and
C-reactive protein levels both before and after surgery. Upon
analysing the reported outcomes, it became apparent that,
particularly in malnourished patients, the addition of immu-
nomodulatory agents may lead to an upregulation of immune
function, which could be associated with reduced recovery
time and improved wound healing. However, no study reported
a significant relationship between serum levels of inflamma-
tory markers and postoperative recovery +7-1921:24-2629.31.32.34.35

GASTROINTESTINAL TOLERANCE

Gastrointestinal problems related to enteral feeding were re-
corded in 6 studies '"19203235 a9 the presence of diarrhoea
(> 5 liquid stools in a 24 h period or an estimated volume
> 2000 ml/day) compared in the 2 groups. Immunoenhanced
formulas were as well tolerated as the standard ones.

SURVIVAL

Only 5 studies reported survival information 242332 The fol-
low-up periods varied significantly, ranging from the time until
hospital discharge to 3 months, and not all of the studies report-
ed the cause and timing of patient deaths. However, all the stud-
ies concurred that there was no significant difference in survival
between the 2 groups, although there was a trend toward better
survival for patients in the immunoenhanced supplement group.

Discussion

This systematic review and meta-analysis, involving 19 stud-
ies, aimed at investigating the impact of immune-enhanced
formulas on clinical outcomes in patients undergoing sur-
gery for HNC. The main objective was to assess the prin-

Figure 5. Forest plot evaluating the impact of immunoenhanced nutri-
tion vs standard care on LoS.

cipal benefits of immune-enhanced formulas for surgical
patients, who are often malnourished and at a higher risk of
complications. This meta-analysis focused exclusively on
the impact of nutritional intervention on clinical outcomes,
prioritising these over other parameters like inflammation
or immune response. The combined results indicated a re-
duction in the LoS in the groups receiving immunonutrition,
along with a decrease in the risk of fistula formation. On the
other hand, immunonutrition appeared to have little to no
effect on wound infections and systemic infections, which,
according to the meta-analysis, were overall reduced in the
intervention group, but without statistical significance. Ad-
verse events like diarrhoea showed little or no difference be-
tween the treatment groups, and therefore immunonutrition
seems generally well tolerated. Other complications were not
formally analysed due to their heterogeneity. The timing of
intervention (pre- and postoperative, or only postoperative)
did not substantially impact the results, except for one study
that reported more fistulas with immunonutrition when ad-
ministered both before and after surgery 2. At the same time,
some authors *?>% reported more general infections in the
immunonutrition group. These findings are inconsistent with
other studies, regardless of the timing of intervention, which
showed fewer fistulas and complications with immunonutri-
tion compared to standard care. The reasons for these dis-
crepancies remain unclear. Mortality was often inadequately
reported, making it inappropriate to attribute any difference
in mortality to immunonutrition. Nevertheless, there was no
evidence of any effect of immunonutrition on mortality.
This systematic review can be considered as an update to the
systematic review of Howes et al. !'. From its publication in
2018, 2 more randomised controlled trials on the subject were
published which matched the inclusion criteria. With our up-
date, we were able to confirm the potential positive effect of im-
munonutrition in reducing fistula formation after HNC surgery,
but we also found that there may also be a stronger impact on
LoS reduction with this kind of nutritional intervention.
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The relatively recent introduction of ERAS programmes
in some healthcare systems complicates the evaluation of
specific interventions such as immunonutrition. ERAS pro-
grammes encompass multiple potentially effective interven-
tions throughout the perioperative period, including minimal-
ly invasive surgical techniques, effective pain management,
early postoperative feeding, and mobilisation '*. A recent re-
view of the ERAS protocol implementation demonstrated the
importance of these perioperative actions in reducing LoS
and opioid use in patients undergoing surgery for HNC, with
or without microvascular reconstruction *. Future studies
need to address the challenge of discerning the contribution
of individual interventions, as in this case immunonutrition,
compared to standard care, in order to assess which interven-
tion are the most effective in order to improve recovery and
quality of life, and possibly simplify the treatment protocol.
Another area that warrants study is the role of immunonutrition
before major HNC surgery in the elderly, especially when frail
and malnourished, since this subset of the population is becom-
ing increasingly more represented in the daily surgical activity
of referral, tertiary, large volume HNC centres *7*%. On the other
hand, people > 65 years tend to be underrepresented in most
prospective clinical trials, without exception for those related
to the described immunonutrition protocols %3, Addressing
this research gap could provide critical insights and improve
clinical care strategies for this growing demographic group.
The main limitation of this systematic review is represented
by the small number of high-quality studies found. Both
blinding and randomisation methods were not always fully
reported in most trials. On the other hand, all studies had
small sample sizes, and the results of the analysis were not
always shown exhaustively. In addition, there was no ho-
mogeneity in the outcomes assessed or in their definition. In
general, most studies were underpowered to provide precise
estimates of the effects of the intervention.

According to the present data, further randomised, controlled
trials of higher methodological quality are needed. These stud-
ies require a sufficient sample size to study low frequency
outcomes such as infections and death. This meta-analysis
shows the beneficial effects of perioperative immunonutrition
in HNC surgery patients, but with weak evidence. As most of
the studies selected in this review included a specific mixture
of nutrients, more research is needed to assess the specific effi-
cacy of each of them. Likewise, the best schedule (pre- and/or
postoperative) and duration of administration is to be clarified.
There is currently some evidence that perioperative immunon-
utrition is cost-effective in gastrointestinal surgery, despite the
higher costs of these formulas. However, although a significant
reduction in resource consumption is implied by the shorten-
ing of LoS, specific studies are needed to establish the cost-
effectiveness of immunonutrition in HNC. Finally, data about
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the long-term effects of immunonutrition in HNC patients,
which theoretically may include prolonged survival, reduced
treatment-related toxicity, and better quality of life, are scarce.

Conclusions

This systematic review and meta-analysis suggest that the
administration of immunoenriched nutrition in HNC pa-
tients undergoing surgery may reduce the occurrence of
postoperative fistulas and LoS. These results seem to be
related to the perioperative administration of these formu-
las and seem to reinforce the ERAS guidelines on enteral
nutrition. More trials with better methodological quality
and larger sample sizes are needed to assess the effects of
perioperative immunonutrition, long-term outcomes, and
the cost-effectiveness of this nutritional intervention.
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