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Abstract

Purpose of Review Patients diagnosed with head and neck

(H&N) cancer often present in a malnourished state for

varied reasons; nutritional optimization is therefore critical

to the success of treatment for these complex patients. This

article aims to review the current nutrition literature per-

taining to H&N cancer patients and to present evidence-

based strategies for nutritional support specific to this

population.

Recent Findings Aggressive nutritional intervention is

frequently required in the H&N cancer patient population.

Rehabilitating nutrition during operative and nonoperative

treatment improves compliance with treatment, quality of

life, and clinical outcomes. When and whether to estab-

lishing alternative enteral access are points of controversy,

although recent evidence suggests prophylactic enteral

feeding tube placement should not be universally applied.

Perioperative nutritional optimization including preopera-

tive carbohydrate loading and provision of arginine-sup-

plemented immunonutrition has been shown to benefit at-

risk H&N cancer patients.

Summary With multidisciplinary collaboration, H&N

cancer patients can receive individualized nutritional sup-

port to withstand difficult cancer treatment regimens and

return to acceptable states of nutritional health.

Keywords Malnutrition � Cachexia � Enteral nutrition �
Immunonutrition

Introduction

Head and neck cancer represents 3–5% of all cancers

diagnosed in the United States [1]. These malignancies can

involve a variety of sites and tissues of origin, but the great

majority of these tumors arise from the mucosal squamous

epithelium of the upper aerodigestive tract as head and

neck squamous cell carcinoma (HNSCC). The risk factors

for this cancer cohort include tobacco use and regular

alcohol consumption; the effect of these two substances on

development of HNSCC is known to be synergistic [2].

These tumors also present more frequently in areas where

the practice of betel nut chewing is prevalent [3]. More

recently, human papilloma virus (HPV) has been impli-

cated in the development of HNSCC, particularly oropha-

ryngeal cancers [4•]. In the last decade, the rise in HPV-

related HNSCC has outpaced the decrement in non-HPV-

related tumors [5].

The treatment of H&N cancer has historically focused

on modalities that attain locoregional tumor control.

Ablative surgery or radiation therapy represent the thera-

peutic backbone of most treatment regimens; often these

treatment modalities are used in combination to effect cure.

Over the last 40 years, primary treatment with nonsurgical

intervention of chemotherapy and radiation has been used

successfully to eradicate many tumors. While these
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interventions spare surgical morbidity in many cases, they

also inflict damage upon the swallowing mechanism that

can be permanent [6]. Surgical salvage for tumor persis-

tence/recurrence, nonfunctional swallowing apparatus, or

osteoradionecrosis and soft tissue necrosis has become

common; post-radiation surgical ablation is performed in

about 20% of cases [7, 8].

The H&N cancer patient population represents a

uniquely challenging cohort with respect to nutritional

support. Not only does the inherent biology of cancer

presence frustrate attempts to remediate nutritional defi-

ciencies, but this heterogeneous group of patients often

experiences swallowing deficiencies caused by tumor

location and poor oral intake secondary to painful swal-

lowing. These tumors are often diagnosed at a late stage

when patients are already malnourished, and the multi-

modality treatment that is required to eradicate these

malignancies often disrupts the swallowing apparatus,

leaving patients dependent on gastrostomy tube feeds for

enteral nutrition. The lack of social support, poor socioe-

conomic status, extensive history of smoking, and heavy

alcohol use that is common in this patient population rep-

resent additional barriers to good nutrition during and after

treatment for H&N cancer. Finally, the surgeries required

to treat tumors of the head and neck often occur in previ-

ously irradiated tissues and frequently violate the barrier

between the upper aerodigestive tract and the soft tissues of

the neck; wound healing complications exceed 50% in

many analyses, and poor nutritional status further com-

promises the potential to efficiently heal these wounds

[7, 9].

Defining Malnutrition in the Head and Neck
Cancer Population

While the nutritional deficiencies of the H&N cancer

patient population have long been presumed, defining and

quantifying these deficiencies has proven to be more

challenging. Attempts to standardize the definition of

malnutrition have been fraught with disagreement. A recent

study identified deficiency of energy, deficiency of protein,

and decreased fat-free mass as requisite elements in the

definition of malnutrition, but a panel of experts disagreed

regarding the relative importance of each. This disagree-

ment extended to how malnutrition is operationally defined

in clinical application [10]. These differences notwith-

standing, there is general acceptance that low body mass

index (BMI), involuntary weight loss, and decreased recent

nutritional intake represent attributes consistent with a

clinical diagnosis of malnutrition. For the purposes of

standardization, malnutrition in HNSCC has been defined

as unintentional weight loss [5–10% over the past

6 months and BMI \20 kg/m2 [11–14]. Between 30 and

50% of patients meet the criteria for being malnourished at

the time of HNSCC diagnosis [15].

Cancer cachexia is defined by Evans et al. as weight loss

greater than 5% over the prior 12 months in the presence of

cancer, plus 3 of the following criteria: decreased muscle

strength, fatigue, anorexia, low fat-free mass index, and

abnormal biochemical markers [16]. This entity has known

unfavorable effects on quality of life, performance status,

and physical function in HNSCC cancer patients. Accord-

ing to a recent meta-analysis, cancer cachexia is present in

20.2% of HNSCC patients at diagnosis and 32.2% of

patients before initiation of treatment [17]. Not only are

these patients physically, psychologically, and socially

fragile [18–20], but the degree of their debilitation leads to

increased treatment toxicity, interruptions in treatment

course, and ultimately increased mortality, irrespective of

treatment regimen employed [15, 21].

Subjective global assessment of nutrition was first pro-

posed by Detsky et al. in 1987 and has since undergone

several modifications [22••]. This validated screening tool

has been used to identify patients who are nutritionally

debilitated and it has been successfully applied in the

cancer patient population to triage patients for treatment of

malnutrition [23]. More recent efforts to correlate nutri-

tional risk with patient outcome led to the nutritional risk

screening (NRS) 2002, whereby patients are stratified

based upon their degree of undernutrition and the severity

of the disease process (Table 1). This screening mechanism

was applied retrospectively to 128 randomized controlled

trials comparing nutritional support to spontaneous intake

and was found to reliably discriminate between trials that

reported a positive outcome for dedicated nutritional

intervention versus those that reported no difference

between treatment groups [24••].

The use of serum markers to stratify nutritional risk is

more controversial. Pretreatment hypoalbuminemia has

been correlated with decreased disease-specific survival in

HNSCC patients [25]. In a recent analysis of patients with

H&N cancer of all types who underwent surgical ablation,

low preoperative serum albumin was associated with an

increased rate of wound infection and poorer overall sur-

vival. This effect on overall survival was most pronounced

in patients with HNSCC [26]. Total serum protein, hemo-

globin, transferrin, prealbumin, retinol-binding protein,

neutrophil–lymphocyte ratio, and other inflammatory

markers have variously been employed as surrogate mea-

sures for nutritional status. Serum prealbumin was found to

be significantly lower in malnourished patients than in

well-nourished patients undergoing radiotherapy for

HNSCC [27]. Despite the purported correlation of certain

laboratory values with poor patient outcomes and the

incessant desire to identify a biomarker or battery of
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biomarkers which could readily establish the diagnosis of

malnutrition, current evidence does not support routine use

of laboratory data to make treatment decisions regarding

nutritional intervention. Expert consensus suggests that use

of these serum markers in nutrition screening protocols

‘‘fails to appreciate the role of the inflammatory response

on acute phase proteins that are often used as primary

indicators of nutrition status [28].’’

When the principles of aforementioned nutritional

screening methodology are applied to the H&N cancer

patient population, it is unsurprising that nutritional status

is closely correlated with prognosis. The incidence of

malnutrition is high in these patients and the extent of

malnutrition is often substantial; unfortunately, the degree

of nutritional derangement is invariably worse in patients

with advanced-stage head and neck malignancies. Conse-

quently, in order to provide appropriate nutritional inter-

vention for at-risk patients, nutritional screening should be

performed at the time of diagnosis. Percentage weight loss

has shown good sensitivity and specificity for diagnosing

malnutrition in the HNSCC patient population [11] and

better accounts for malignancy-related nutritional

derangement than BMI; this combined with a patient

generated subjective global assessment (PG-SGA), ideally

performed by a trained dietitian in the context of multi-

disciplinary cancer care, constitute basic requirements for

measuring nutritional status in the H&N cancer patient.

The NRS 2002 represents an important adjunctive screen-

ing instrument for patients who will undergo surgical

ablation as part of their treatment for H&N cancer, as it

remains the best predictor of postsurgical complications.

Determining Need for Nutritional Intervention

Determining the most appropriate way to provide nutri-

tional support during and after treatment for HNSCC

requires a sophisticated understanding of the degree of

malnutrition and swallowing dysfunction at the time of

presentation and an awareness of the impact on swallowing

that will result from treatment. Swallowing dysfunction is

common in patients who present with HNSCC, and failure

to recognize this condition can lead to worsening malnu-

trition or aspiration pneumonia, further debilitating the

patient and hindering optimal treatment of the malignancy.

Decisions regarding alimentation of HNSCC patients

should therefore be made in a multidisciplinary treatment

setting where speech language pathologists and dietitians

can recommend interventions to preempt further nutritional

depletion. Not infrequently, the degree of swallowing

dysfunction will actually compel a certain course of

treatment for the malignancy. An example of this situation

Table 1 Screening for using NRS-2002

Impaired nutritional status Severity of disease (stress metabolism)

Absent

Score 0

Normal nutritional status Absent

Score 0

Normal nutritional requirements

Mild

Score 1

Weight loss[5% in 3 months

OR

Food intake\50–75% normal requirement in preceding

week

Mild

Score 1

Hip fracture

Chronic patients, in particular with acute complications:

cirrhosis, COPD

Chronic hemodialysis, diabetes, oncology

Moderate

Score 2

Weight loss[5% in 2 months

OR

BMI 18.5–20.5 ? impaired general condition

OR

Food intake 25–50% of normal requirement in preceding

week.

Moderate

Score 2

Major abdominal surgery

Stroke

Severe pneumonia, hematologic malignancy

Severe

Score 3

Weight loss[5% in 1 month (*15% in 3 months)

OR

BMI\ 18.5 ? impaired general contition

OR

Food intake 0–25% of normal requirement in preceding

week

Severe

Score 3

Head injury

Bone marrow transplantation

Intensive care patients (APACHE II[ 10)

Total

score

APACHE Acute Physiologic and Chronic Health Evaluation; BMI body mass index, COPD chronic obstructive pulmonary disease, NRS-2002

Nutritional Risk Score 2002
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is in the case of advanced laryngeal malignancies, where

anticipated poor swallowing outcome after nonsurgical,

‘‘organ-preserving’’ chemoradiation often leads to a rec-

ommendation of primary surgical treatment via total

laryngectomy instead [29].

The effect of nonsurgical treatment of HNSCC on

nutrition is well known. Over half of all patients who

undergo radiotherapy for HNSCC lose weight [30]. The

reasons for this are varied and include radiation-induced

xerostomia and taste alterations, mucositis, difficulty

masticating and swallowing, uncontrolled nausea, or con-

stipation. Patients who experience weight loss have a

higher incidence and longer duration of treatment-related

morbidity [31]. Their treatment outcome is also ultimately

affected, as[5% weight loss during radiation treatment for

HNSCC has been associated with decreased disease-

specific survival in multivariate analysis [32].

For patients undergoing radiotherapy and chemoradio-

therapy, dietary counseling is mandatory and focuses on

maintaining appropriate nutritional intake and preventing

progression to a catabolic state with its attendant loss of

lean muscle mass. Compliance with a designated nutri-

tional regimen during radiotherapy resulted in improved

body composition parameters in a recent study [33]. Cur-

rent guidelines from the European Society for Parenteral

and Enteral Nutrition (ESPEN) and the American Society

for Parenteral and Enteral Nutrition (ASPEN) recommend

that ambulating patients with cancer receive 1.2 to 2 g/

kg/day of protein and 30 to 35 kcal/kg/day of energy daily

[34, 35]. While Giles et al. found that adherence to these

guidelines did not prevent weight loss in HNSCC patients

who underwent primary radiotherapy and continued to take

an oral diet [36], these standards represent a minimum

intake goal for which to strive. Patients who achieved this

level of dietary intake maintained quality of life through

treatment without the need for more intensive nutritional

counseling [37].

Route of Enteral Access

Another controversy in the nourishment of HNSCC

patients is the route of enteral nutrition. While this patient

population benefits from the fact that the lower gastroin-

testinal tract remains functional and parenteral nutrition

therefore rarely needs to be utilized, swallowing function is

often compromised at presentation, and therapeutic inter-

vention, whether surgical or nonsurgical, invariably further

deteriorates the swallowing mechanism. Surgical resection

alters the anatomy and sometimes innervation of muscles

critical to swallowing. Radiotherapy treatment toxicities

include painful mucositis, altered taste, xerostomia,

odynophagia, thickened secretions, and anorexia

[12, 38, 39]. Chemotherapy can exacerbate mucositis and

cause nausea and vomiting [12, 40, 41].

Enteral nutrition via feeding tube placement is often

necessary to provide a means of nutritional support without

reliance on oral intake. The decision to place a feeding tube

in a HNSCC patient pits the need for adequate nutrition and

frequently nutritional rehabilitation against the objective of

maintaining swallowing function by encouraging continued

use of the muscles of deglutition without the ‘‘safety

valve’’ of alternative enteral access. Indeed, evidence exists

that patients who undergo prophylactic feeding tube

placement prior to chemoradiation treatment have a longer

duration of reliance on the feeding tube than patients who

are treated reactively [42, 43]. Patients with stage III/IV

HNSCC undergoing definitive chemoradiation who

received prophylactic gastrostomy tube insertion were also

more likely to develop esophageal stricture than a similar

cohort who did not receive this intervention [44]. On the

other hand, prophylactic feeding tube placement in

HNSCC patients has been noted to improve quality of life

and decrease the frequency of severe weight loss and

hospital admissions [15, 21, 45]. As severe weight loss and

poor quality of life are associated with treatment inter-

ruptions [46] which compromise tumor control [47], a

compelling argument can be made to recommend early

alternative enteral access to at-risk patients in order to

promote timely completion of treatment.

The route of alternative enteral access has been debated.

A recent Cochrane Review found a paucity of evidence

comparing nasogastric (NG) tube feeding to gastrostomy

feeding and could not recommend the use of one enteral

feeding device over another [48]. Corry et al. studied

reactive nasogastric feeding to gastrostomy feeding in

HNSCC patients undergoing radiation or chemoradiation

therapy and found that patients who received a percuta-

neous endoscopic gastrostomy (PEG) had significant initial

weight gain compared to the NG tube-fed patients; a dif-

ference in weight gain was not observed between the

groups 6 months posttreatment. Associated cost was ten

times greater in the PEG group than the NG group, and the

PEG group relied on the alternative enteral nutrition for a

significantly longer period of time than the NG group. No

difference in rate of chest infection was noted between the

groups [49]. NG tube feeding is generally indicated if the

anticipated length of requirement is less than four weeks.

This route of nutrition has been associated with compli-

cations such as laryngeal irritation, persistent gastroe-

sophageal reflux [50], and patient discomfort; increased

risk of NG tube displacement or blockage has been noted

when compared to PEG tube-fed HNSCC patients [49, 51].

It is the authors’ experience that NG tube feeding is most

efficacious in the perioperative inpatient setting when

temporary NPO status is required for healing or swallowing
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recovery is anticipated to occur quickly. Negative patient

attitudes regarding persistent NG tube placement upon

discharge and unwillingness of health care providers to

administer NG tube feeds on an outpatient basis represent

consistent barriers to continued NG tube feeding when a

patient leaves the hospital.

While alternative enteral access is frequently unavoid-

able for HNSCC patients, there are known risks associated

with placement of a gastrostomy tube. In current practice,

gastrostomy tubes are placed endoscopically (PEG), radi-

ologically (RIG), or by means of an open surgical proce-

dure. Complications of feeding tube placement, including

site infection, leakage around the gastrostomy site, local

pain, gastric erosion, bowel perforation, and intraperitoneal

leakage, vary widely between studies, likely due to

reporting bias and differences in the definition of compli-

cations [43, 50]. Open surgical gastrostomy tube placement

is generally considered a more significant intervention and

is often eschewed in favor of less invasive techniques. In a

2009 meta-analysis comparing PEG and RIG placement in

2379 HNSCC patients, Grant et al. found that major

complication rates following PEG and RIG were 7.4%

(95% CI 5.9–9.3%) and 8.9% (95% CI 7.0–11.2%),

respectively. Mortality rates were 2.2% (95% CI

0.014–0.034) for PEG and 1.8% (95% CI 0.010– 0.032) for

RIG [52]. These rates of complication and mortality in the

HNSCC population are higher than previously reported

rates in a mixed population [53], indicating that patients

with HNSCC are more likely to experience morbidity and

mortality associated with gastrostomy placement. When

considering the provision of nutritional support via alter-

native route for HNSCC patients, concern must therefore

be ascribed to the risks associated with feeding tube

placement.

Another rare but important consideration in gastrostomy

tube placement is the risk of abdominal wall metastasis via

seeding. A recent retrospective analysis of HNSCC patients

at a single institution revealed that 5 of 777 (0.64%)

patients who underwent PEG developed abdominal wall

metastasis over a 27.55 month average follow-up period

[54]. A case series and literature review by Huang et al. in

2013 identified 42 cases of PEG site metastasis. Among

this unfortunate cohort, 94.9% had Stage III/IV HNSCC at

the time of diagnosis and the oropharynx was the most

common primary tumor site; no patients had evidence of

distant metastatic disease at presentation. The method of

gastrostomy tube insertion was documented in 29 cases,

with 28 (96.6%) reporting use of the Gauderer-Ponsky

(‘‘pull’’) technique and one radiologically assisted place-

ment. Duration from gastrostomy placement to diagnosis of

gastrostomy site metastasis was 8 months, and patients

generally expired within 6 months of diagnosis of PEG site

metastasis [55].

Many HNSCC patients present with malnutrition,

swallowing derangements, or inadequate oral intake; these

patients generally require therapeutic feeding tube place-

ment. Among patients without significant nutritional defi-

ciency or swallowing issues precluding adequate oral

intake at presentation, however, a proportion will nutri-

tionally deteriorate during treatment despite efforts to

maintain nutrition via oral intake. In an effort to balance

the serious risks of nutritional debilitation and swallowing

dysfunction in the HNSCC patient population with the risks

of gastrostomy tube placement, recent efforts have focused

on appropriate selection of patients who would benefit

from prophylactic gastrostomy placement. Routine pro-

phylactic PEG tube placement has been advocated in some

centers as a way of reducing the risk of treatment inter-

ruptions during radiation therapy. Unfortunately, the

aforementioned increased reliance on the PEG tube for

nutrition and higher rate of esophageal stricture in patients

who receive a prophylactic PEG tube represent undeniable

disadvantages of an indiscriminate feeding tube placement

strategy. One analysis showed that 47% of HNSCC

patients who presented without dysphagia but received a

prophylactic PEG prior to radiation or chemoradiation

therapy did not use their feeding tubes or used them for less

than two weeks [56]. A recent prospective trial of HNSCC

patients referred for prophylactic PEG conveyed a mark-

edly different experience, as 47 PEG tubes were placed in a

cohort who received definitive chemoradiation therapy, and

only 2 feeding tubes went unused. Nineteen percent of

these patients who were in remission from their malig-

nancy one year after treatment continued to require nutri-

tional support via PEG tube [57]. The variation in these

reports demonstrates the importance of utilizing appropri-

ate selection criteria when determining which patients will

be referred for prophylactic PEG tube placement.

Recent emphasis has been placed on identifying patient-

related factors and anticipating treatment toxicity to decide

which HNSCC patients should undergo prophylactic PEG

tube placement. One group compared patient outcome data

to an established set of guidelines for swallowing and

nutrition management and distinguished advanced T-stage

(T3 and T4) and administration of chemotherapy as pre-

dictive of need for prophylactic gastrostomy [58]. Another

analysis concurred that the addition of chemotherapy to the

treatment regimen in HNSCC patients undergoing radia-

tion therapy portended need for PEG tube feeding while

determining that higher pretreatment performance status

(Karnofsky Performance Status C80) and gabapentin use

were factors negatively associated with PEG use [59].

Using radiation dosimetric data, Matuschek et al. showed

that negative performance status, chemotherapy adminis-

tration, and radiation dose to the oropharynx independently

predicted need for artificial nutrition on multivariate
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analysis [60]. In a HNSCC sample who received surgical

ablation as part of their treatment, patients who underwent

gastrostomy placement either preoperatively or postopera-

tively were more likely to have complications and pro-

longed hospitalization compared to patients who did not

undergo gastrostomy placement; interestingly, those

patients who received a preoperative gastrostomy tube had

reduced length of stay (LOS), less weight loss, and fewer

wound complications compared to the cohort who received

a gastrostomy tube postoperatively [61].

Perioperative Nutrition in Head and Neck Surgery

Among HNSCC patients who receive surgical ablation as

part of their treatment, perioperative morbidity related to

poor healing is frequently encountered. Nutritional opti-

mization therefore represents a necessary objective in

promoting recovery from these difficult procedures. Much

of the basis for perioperative nutrition in head and neck

cancer surgery is extrapolated from studies performed in

patients who have undergone major abdominal surgery.

While some preoperative physiologic parameters and

responses to surgical stress are similar between these

populations, surgical procedures performed on the HNSCC

population have markedly different implications for

speech, swallowing, and the aerodigestive tract, vary in

length and anesthetic considerations, and often involve

pedicled or free tissue transfer reconstruction. The infer-

ences drawn from other surgical specialties with respect to

perioperative nutrition must therefore be interpreted with

caution. What remains certain is that these procedures

frequently occur in nutritionally debilitated patients with

unfavorable wounds and provoke a high degree of meta-

bolic stress.

Preoperative Carbohydrate Loading

The surgical stress associated with lengthy procedures,

including many H&N cancer resections, has been corre-

lated with insulin resistance [62, 63]. Hyperglycemia sec-

ondary to insulin resistance increases perioperative

morbidity and prolongs LOS, while strict blood glucose

control in critically ill patients reduces morbidity and

mortality [64, 65]. Starvation or fasting, common in the

preoperative setting, has been linked to marked insulin

resistance in healthy subjects [66]. Additionally, patient

discomfort escalates during this time of fasting due to

fatigue, thirst, hunger, and anxiety [67]. Preoperative car-

bohydrate loading has reduced insulin resistance by as

much as 50% in colorectal surgery patients on postopera-

tive day one [68]. This method of optimizing patients for

surgical stress is also associated with a reduction in the loss

of lean body mass [69], muscle strength [70], and

decreased length of hospitalization [71, 72]. A systematic

review on the role of preoperative carbohydrate loading

performed by Bilku et al. did not identify any convincing

evidence of reduction in postoperative infections using this

protocol [73]. Although not specifically researched in the

HNSCC population, the principle of preoperative carbo-

hydrate loading has become accepted in H&N cancer sur-

gery [74•]; it is our practice to recommend that patients

ingest of an 800 mL 12.5% carbohydrate drink on the night

before surgery and 400 mL on the morning of the proce-

dure, consistent with Enhanced Recovery After Surgery

(ERAS) Group recommendations [75].

Immunonutrition

The concept of immunonutrition for improved recovery

after major head and neck surgeries has also been adapted

from abdominal surgery best practices. HNSCC patients

are at risk of similar postoperative complications such as

infection, fistula formation, and locoregional malignant

recurrence. The immunosuppressive condition of HNSCC

patients has been associated with increased rates of post-

surgical complications [76]. Arginine has been identified as

a conditionally essential amino acid when metabolic stress

occurs. It is obtained primarily from dietary intake and

protein breakdown. Not only does arginine serve as a

substrate in protein synthesis, but it is also a precursor for

nitric oxide (NO), a potent vasodilator, and bactericidal

agent. Additionally, elevated arginine levels increase col-

lagen synthesis and stimulate lymphocyte and growth

hormone production in experimental models and have

therefore been postulated to improve wound healing [77].

Because HNSCC patients are susceptible to postoperative

infections and poor wound healing and are often fed via

tube feeds during the initial postoperative period, there is

great interest in arginine-supplemented tube feed formulas.

While an initial study of preoperative arginine-supple-

mented nutrition in malnourished H&N cancer patients

established no conclusive benefit in clinical outcomes [78],

this study might not have been adequately powered. More

recent work has clearly shown that preoperative arginine-

rich immunonutrition decreases perioperative infection

rates and hospital LOS in H&N cancer patients [79, 80].

Nutritional supplementation with omega-3 fatty acids

has also been proposed to improve perioperative wound

healing in the HNSCC population. Once again, much of the

evidence for this intervention is drawn from other surgical

specialties. Perioperative outcome studies in other oncol-

ogy patient populations have shown that nutritional sup-

plementation with omega-3 fatty acids decreases ICU and
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overall hospital LOS, reduces mortality, and decreases

inflammatory response. This strategy has also been found

to protect lean body mass after esophageal surgery [81], a

finding corroborated in the HNSCC patient population

[82].

The role of immunonutrition following H&N cancer

surgery is well established. A 2008 systematic review

analyzed 10 randomized controlled trials of immunonutri-

tion in this patient population and found a significant

reduction in the hospital LOS [83•]. A more recent sys-

tematic review and meta-analysis of nutritional supple-

mentation in H&N cancer patients again demonstrated a

reduction in the overall LOS (6.8 days) for patients who

received arginine-supplemented immunonutrition [84]. The

reason for decreased hospital LOS was not completely

elucidated, as there was infrequent reporting of postoper-

ative complications such as pneumonia, diarrhea, or car-

diovascular events in the included studies. While the

evidence equivocates somewhat regarding the benefit of

immunonutrition in preventing postoperative complications

among all HNSCC patients undergoing ablative surgery

[83•], those patients who are malnourished preoperatively

have significantly fewer postoperative wound infections

when isolated as a subgroup [85]. This corresponds to the

experience of Rowan, et al., who recently conducted a

prospective, non-randomized trial comparing high-risk

H&N cancer surgery patients (AJCC stage III or greater

disease, prior definitive radiotherapy, use of a microvas-

cular free flap for reconstruction) who were supplemented

with arginine-rich immunonutrition before and after sur-

gery to those who received standard formulations. The

immunonutrition treatment arm demonstrated a significant

reduction in pharyngeal leak and fistula formation (25 vs.

48%) and hospital LOS (2.8 days). Postoperative pneu-

monia was also decreased in the treatment cohort, but this

difference did not achieve statistical significance. There

was no difference in other postoperative wound infections,

microvascular free flap failure or dehiscence, or bleeding

complications between the two groups [76]. Another ran-

domized, double-blinded, controlled trial included 32

malnourished HNSCC patients undergoing ablative surgery

and found that patients who received arginine-supple-

mented nutrition for 10 days postoperatively had a median

survival of 34.8 versus 20.7 months in the control group.

Locoregional recurrence-free survival was also improved

in the treatment arm. These differences were significant

even after controlling for confounding variables [86].

The underlying mechanism by which immunonutrition

confers a beneficial effect is unclear. A recent study has

shown an increase in phosphatidylcholine/arachidonic acid

ratio for well-nourished patients who receive immunonu-

trition compared to controls. Non-significant reductions in

inflammatory markers (CRP, TNF-alpha, IL-6, IL-10) [87]

and faster rebound toward baseline levels of CD3?,

CD4?, and CRP in patients who received immunonutrition

have also been noted [88]. The authors of these studies

hypothesize that immunonutrition lessens the postoperative

inflammatory response. Although positive outcomes of

immunonutrition vary between studies, it is important to

note that no study has ever demonstrated a negative clinical

impact of immunonutrition in the HNSCC population.

Calculating Postoperative Nutritional
Requirements

Patients who are diagnosed with HNSCC often present in a

malnourished state, and nutritional rehabilitation is not

possible prior to requisite ablative surgery. While the risk

of perioperative complications is substantial and most

H&N surgical oncologists therefore intuitively favor

aggressive postoperative protein and calorie nutritional

goals, evidence-based postoperative nutritional recom-

mendations specifically for the HNSCC population are

lacking. The American College of Gastroenterology (ACG)

recommends assessing every patient for their nutritional

risk prior to initiation of enteral feedings using the NRS

2002 [24••] or NUTRIC Scoring system [89••]. Patients

with higher nutritional risk benefit from more aggressive

nutritional therapy, resulting in fewer complications [89••].

Determining the caloric requirement of postoperative

HNSCC patients may be accomplished using indirect

calorimetry or standard calculations. The ACG guidelines

recognize indirect calorimetry (IC) as the most accurate

measurement of caloric need but acknowledge that this tool is

often unavailable or inaccessible [89••]. Also, inaccurate IC

results may be obtained in critically ill ICU patients, patients

who have endotracheal or tracheostomy tubes in which the

ventilated gas is not completely captured, or patients with

oxygen requirements exceeding 60% FiO2 [90]. When IC is

not feasible, weight-based equations are used to calculate

nutritional goals. Caution should be applied, as these equa-

tions have often misrepresented actual caloric requirements

in the postoperative setting [91]. On the other hand, a

prospective study in surgical ICU patients that compared IC

to the Harris-Benedict Equation (HBE), a popular energy

requirement calculation, adjusted with a factor of 1.5 for

activity and stress, and to a weight-based calculation of

30 kcal/kg/day adjusted body weight showed no significant

difference in calculated calorie requirements between IC and

the HBE with activity coefficient or the weight-based cal-

culation [90]. In the HNSCC population, some authors have

recommended caloric intake of 40–45 kcal/kg/day for

repletion of nutrition after surgery [1, 92].

Protein supplementation has also been emphasized in

the postoperative setting for HNSCC patients. Protein has
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been identified as the most important macronutrient to

consider when calculating nutritional goals, as its proper

administration improves outcomes including mortality

[89••, 93]. Previously, 1.2–1.5 g protein/kg/day was rec-

ommended; however, recent evidence suggests that protein

intake of 2.0 g/kg/day or higher should be achieved to

improve nitrogen balance [94]. Some authors recommend

determining protein requirements by calculating nitrogen

balance using 24-hour urine collection, although this may

not be possible or feasible in all patients [89••]. Recog-

nizing the malnourished and sarcopenic state of some

HNSCC patients, Ardilio recommends calculating postop-

erative protein intake requirement in the hypermetabolic

range of 1.5–2.5 g/kg/day and supplementing oral or ent-

eral feedings with protein as necessary [92].

Timing and Route of Postoperative Nutrition

Timing of postoperative enteral feeding in the HNSCC

population is the subject of active investigation. While the

lower digestive tract is intact after most H&N ablative

procedures, these patients have frequently undergone pro-

longed general anesthesia and may be slow to mobilize,

predisposing them to feeding intolerance. Early enteral

nutrition (initiating of feeding within the first 24 h of

hospitalization) has many nutritional and non-nutritional

benefits, especially in the critically ill patient [89••, 95].

The ACG guidelines recommend initiating enteral feedings

within 24–48 h in the nutritionally high-risk patient and

advancing to goal feeding within 48–72 h if tolerated;

however, if the patient is not tolerating advancement, the

schedule can be prolonged over 5–7 days [89••]. In data

extrapolated from a population of severe burn patients,

residual volumes of tube feeds remained elevated longer,

and there was an increased rate of ileus in patients who had

tube feed rate aggressively advanced compared to patients

whose tube feeds rates were increased more slowly; no

differences in hospital LOS or mortality were observed

[95]. There are rare situations where underfeeding may be

appropriate in the postoperative patient, including condi-

tions of acute lung injury/acute respiratory distress syn-

drome (ARDS), obesity with a BMI[30, or recent history

of parenteral nutrition (PN) over the first week of nutrition

therapy [89••]. While there is evidence suggesting benefit

of trophic feeding in ICU populations [96], caution must be

employed when applying these findings to the HNSCC

population, as the population under investigation was not

representative of the HNSCC postoperative population

[97]. Observational studies have shown that in critically ill

patients who have a BMI\20, increasing calories reduces

mortality [37]. Therefore, while trophic or underfeeding

may be easier to initiate and maintain, the nutritional

benefits of goal enteral intake in this high-risk population

cannot be understated and should be pursued except in

extenuating circumstances [98].

For HNSCC patients who can safely take an oral diet

postoperatively, prompt initiation of a protein- and calorie-

rich diet is advocated. Often, a nasogastric tube is placed at

the time of ablative surgery in order to temporarily bypass

the swallowing mechanism and allow for timely adminis-

tration of medication and enteral nutrition; patients in

whom preoperative swallowing function is poor or whose

swallowing is anticipated to be compromised by the abla-

tive surgery commonly receive gastrostomy tube place-

ment preoperatively or intraoperatively. Despite theoretical

risk of damage to an oral cavity or pharyngeal anastomotic

site after pedicled or microvascular free tissue transfer

reconstruction, some centers even routinely perform PEG

placement in the ICU in the postoperative setting. Par-

enteral nutrition is rarely employed postoperatively in

H&N cancer surgery. When prolonged feeding intolerance

occurs or when enteral nutrition cannot be safely delivered

to the digestive tract, as in the case of a nasogastric tube

that has been inadvertently removed across a fresh pha-

ryngeal anastomotic site, total parenteral nutrition may be

considered. This method of nourishment has also been

applied in cases of postoperative chyle fistula when inter-

ruption of intestinal lymphatic flow is desired to promote

spontaneous resolution of the fistula [99].

Postoperative nutrition strategies in H&N cancer patient

should be conceived under the auspices of a registered

dietician (RD) who is familiar with this population. The

RD routinely determines caloric, protein, and free water

goals, feeding schedules, and can even assist in the initia-

tion of parenteral nutrition in select patients. The risk of

refeeding syndrome must be heeded, as fluid and elec-

trolyte shifts associated with resumption of enteral or

parenteral feeding in malnourished patients places them at

increased risk of mortality (Table 2) [100]. The HNSCC

population represents a high-risk population for refeeding

syndrome due to poor preoperative nutritional intake,

increased metabolic demand, dysphagia, and high rates of

alcoholism [100, 101]. The National Institute for Health

and Care Excellence (NICE) guidelines have been used to

identify patients at risk of refeeding syndrome; risk factors

include low BMI (BMI\ 16), unintentional weight loss

[15% body weight within the previous 3–6 months, very

little or no nutrient intake for[10 days, and low levels of

potassium, phosphate, or magnesium prior to any feeding

[102]. Additional risk factors that have been identified are

increased age, low prealbumin or albumin, NRS-2002

score C3 [100].

In affirmation of the importance of the gastrointestinal

microbiome during healing after abdominal surgery [103],

perioperative probiotic use has been investigated in
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patients who undergo surgery of the lower gastrointestinal

tract. As many ablative H&N cancer surgeries communi-

cate the soft tissues of the neck with the upper aerodiges-

tive tract, perhaps the probiotic experience in abdominal

surgery can be extrapolated to the H&N cancer population.

Evidence currently suggests that the observed beneficial

effects of probiotics are attributable to their ability to

maintain the gut mucosal barrier and alter the innate

immune response [104]. Two prospective randomized,

controlled trials in colorectal surgery patients have

demonstrated favorable outcomes with regard to surgical

site infections and anastomotic leak as well as periopera-

tive complications such as pneumonia when probiotics

were administered [103, 105]. A recent systematic review

and meta-analysis have also suggested beneficial effects of

probiotics in this population [106, 107], although the

degree of benefit is uncertain, and lack of standardization

with regard to perioperative antibiotic use and probiotic

administration among studies precludes recommendation

of a specific probiotic regimen.

While the etiologic basis is poorly understood, evidence

suggests that oral microbial colonization of healthy indi-

viduals is different than those affected by oral diseases

[108]. A prior study has also shown alteration of the oral

flora to more pathogenic species after radiation therapy in

H&N cancer patients [109]. Nutritionally debilitated

patients who undergo ablative procedures for H&N cancer,

especially in salvage situations after prior radiation ther-

apy, are therefore at particular risk for fistula formation and

surgical site infections. Perioperative antibiotics are rou-

tinely given in this population, but probiotic administration

may represent a novel adjunctive approach in preventing

virulent microorganisms from compromising wound heal-

ing. Further investigation must be performed before this

intervention can be routinely advocated.

Conclusion

Head and neck cancer patients often present in a mal-

nourished state. The heterogeneity of these tumors with

respect to the primary site, functional implications on

swallowing, and optimal treatment regimen renders broad

prescriptive nutritional intervention problematic. An

individualized approach to nutritional care of these

patients is therefore mandatory for satisfactory treatment

outcomes. For patients who undergo primary radiation or

chemoradiation therapy, the desire to maintain swallowing

function during the course of treatment must be balanced

with the need for adequate nutritional intake. If nutritional

supplementation via feeding tube is anticipated, the

feeding tube should be placed prior to initiation of radi-

ation so that the treatment course is not interrupted as a

consequence of poor nutrition. Risk factors have been

identified that portend need for alternative enteral access,

and these should be heeded when the patient first estab-

lishes care.

In patients who undergo ablative surgery for treatment

of H&N cancer, optimizing patients nutritionally and pre-

dicting the need for alternative enteral access postopera-

tively represent appropriate ways to minimize

perioperative morbidity. Patients who receive primary

ablative surgery also frequently require timely adjuvant

treatment; minimizing surgical complications therefore

improves adherence to standard H&N cancer treatment

algorithms. Enteral nutrition can be maintained in H&N

cancer patients with few exceptions. Immunonutrition with

arginine-rich tube feed formulas improves perioperative

outcomes. The postoperative administration of nutrition

should be accomplished under the direction of a registered

dietitian, using patient-specific parameters to establish

nutritional requirements. As much of the evidence for

perioperative nutritional support in H&N cancer patients is

retrospective, single-institutional, or appropriated from

other patient populations, future investigation offers robust

opportunities to further understanding of optimal nutri-

tional care in this challenging patient cohort.
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Table 2 Criteria for determining people at high risk of developing refeeding problems as reported by the NICE guidelines

Patient has one or more Patient has two or more

BMI\ 16 kg/m2 BMI\ 18.5 kg/m2

Unintentional weight loss[15% within last 3–6 months Unintentional weight loss[10% within last 3–6 months

Little or no nutritional intake for[10 days Little or no nutritional intake for[5 days

Low levels of potassium, phosphate, or magnesium prior to

feeding

History of alcohol abuse or drugs including insulin, chemotherapy, antacids or

diuretics

BMI body mass index, NICE National Institute for Health and Clinical Excellence
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