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Abstract: Patients with foregut tumors are at high risk of malnutrition. Nutrition care focuses on
identifying individuals at risk of malnutrition and optimizing nutrient intake to promote the main‑
tenance of body weight and lean body mass. This multi‑center prospective, longitudinal study au‑
dited nutrition care practices related to screening for risk of malnutrition (Patient‑Generated Sub‑
jective Global Assessment Short Form; PG‑SGA SF), and nutrition interventions prescribed (route;
adequacy of energy and protein intakes). Audits occurred at four time periods: baseline (before
treatment) and at 2, 4, and 6 months after starting cancer treatment; 170 patients (esophageal (ESO;
n = 51); head and neck (HN; n = 119)) were enrolled. Nutrition risk (PG‑SGA SF score≥ 4) was preva‑
lent at every time period: HN (baseline: 60%; 6 months 66%) and ESO (77%; 72%). Both groups had
significant (p < 0.001) weight losses over the 6 month audit period (HN = 13.2% ESO = 11.4%). En‑
teral nutrition (EN) was most likely to be prescribed at 2 months for HN and at 4 and 6 months for
ESO. Target prescribed energy and protein intakes were not met with any nutrition intervention; al‑
though adequacy was highest for those receiving EN. Nutrition care practices differed for HN and
ESO cancers and there may be time points when additional nutrition support is needed.

Keywords: malnutrition; nutrition care; head and neck cancer; esophageal cancer; foregut tumors;
nutrition risk; patient‑generated subjective global assessment; nutrition support; enteral nutrition;
energy intake

1. Introduction
Patientswith foregut tumors, located in the head, neck and esophagus, are at high risk

of malnutrition due to gastrointestinal symptoms and side effects incurred from lengthy,
multi‑modal cancer treatments [1–3]. Patients often experience weight loss and problems
eating before they start treatment, which are further exacerbated during treatment, and
are associated with poor clinical outcomes [4–15]. The hallmark of cancer‑associated mal‑
nutrition is involuntary weight loss, which is characterized by the loss of skeletal muscle
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(with orwithout fat loss) as a result of negative energy and protein balance driven by a vari‑
able combination of reduced food intake and metabolic alterations. [16] In patients with
foregut tumors, reductions in food intake are multifactorial and likely the predominant
driver of weight loss [5,17]. Symptoms such as loss of appetite, physical obstruction (dys‑
phagia, pain), and treatment related side effects (nausea, mucositis, dysgeusia, xerostomia)
conspire to severely impair food intake [5–8,11,18,19]. Metabolic alterations on the other
hand, are suggested to include inflammation, increased energy expenditure, and excess
catabolism in response to the tumor and cancer treatments [3,16,20,21]. Given the multi‑
factorial nature of cancer‑associated malnutrition, multimodal treatment approaches are
recommended, which include optimal nutrition care, pain and symptommanagement, ex‑
ercise, and modulation of inflammation [3,20,22–25]. From a nutrition care perspective a
main goal for preventing and managing cancer‑associated malnutrition is to optimize nu‑
trient intake to promote the maintenance of body weight and lean body mass [3,20,22,23].

The best‑available evidence to guide nutrition care practices for cancer has been syn‑
thesized in evidence‑based guidelines (EBGs) from Australia, Europe, North America and
the United Kingdom [22–24,26–34]. Optimizing nutrition care delivery has been demon‑
strated to have a positive impact on clinical, cost, and patient‑centered outcomes. EBGs
address different aspects of the nutrition care process which comprises three domains:
(1) Appropriate Access to Care (Nutrition Screening and Assessment); (2) Quality Nutri‑
tion Care (Goals, Prescription, Implementation); and (3) Nutrition Evaluation and Moni‑
toring (Measure and Evaluate Outcomes) [35,36]. In the first report from the International
Nutrition Audit in FORegut TuMours (INFORM) Study, Findlay et al. [37]. described ad‑
herence of current real‑world nutrition care practices to EBGs. Overall, participating sites
had good adherence (>80%) to guidelines pertaining to routine malnutrition screening, nu‑
trition assessment, and prescriptions for energy and protein intakes. However, guidelines
pertaining to use of validated screening and assessment tools, regular dietetic consultation,
and initiation of nutrition support had moderate (60 to 80%) to poor adherence (<60%) lev‑
els. This prospective, longitudinal study aims to determine the translation of EBGs into
nutrition care practices related to screening for risk of malnutrition, the route of nutri‑
tion support used, and adequacy of energy and protein intakes over time in patients with
esophageal and head and neck cancers.

2. Materials and Methods
2.1. Study Design and Patients

This was a multicenter, prospective, registry design that included a baseline audit of
nutrition care practices, followed by repeated audit cycles from up to 6 months from the
first time a patient was introduced to the cancer care system. Audits of nutrition care prac‑
tices occurred across four time periods. The baseline period commencedwith patients’ first
date of contact with their respective cancer care system, and included nutrition practices
captured±30 days from this date; the other audit periods were defined using the baseline
period as the reference: 2 months (31–90 days after baseline), 4 months (91–150 days) and
6 months (151–210 days).

Adult patients (≥18 years of age) newly diagnosed with head and neck (HN) or
esophageal (ESO) cancers scheduled to receive cancer treatment (any modality) were en‑
rolled. Patients were excluded (i.e., not enrolled) if there was no treatment plan due to
patient’s imminent death, or if their Eastern Cooperative Oncology Group (ECOG) Per‑
formance Status Score was ≥4. Participating sites obtained ethics approval from their lo‑
cal research ethics boards, informed consent was obtained from all subjects involved in
the study.

2.2. Data Collection
Data were collected from patients at 11 cancer care centers in Canada (n = 6), Australia

(n = 2), Italy (n = 1), The Netherlands (n = 1), and the United States (US) (n = 1). Sites were
academic hospitals that included a patient care dietitian or a nutrition‑focused health care
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provider (e.g., Clinical Nutritionist, or Nutrition Delegate) who collected the data; these
individuals are referred to as a dietitian throughout.

Data were collected longitudinally from patients using quota sampling (from
2016–2018) and entered into online case report forms using Research Electronic Data Cap‑
ture (REDCap) hosted by the University of Alberta, Canada. Each site aimed to collect
data on up to 20 patients. Case report forms were completed by a dietitian. Patient demo‑
graphics, cancer diagnosis and stage (AJCC staging v.8), and treatment modality (surgery,
chemotherapy, radiation therapy) were collected. Patient heights and weights were
recorded and BMI [body weight (kg)/height (m2)] and % weight change before treatment
[((current weight (kg)−weight 6 months ago (kg))/weight 6 months ago (kg))× 100] were
calculated. Data related to nutrition care practices were collected including screening for
risk of malnutrition, nutrition prescriptions and interventions used.

2.3. Screening for Risk of Malnutrition
Evidence‑based guidelines recommend screening for risk of malnutrition using a vali‑

dated tool at baseline, which is then repeated at regular intervals throughout
treatment [22,24,28,30,33]. The PG‑SGA SF is a practicable malnutrition risk screening tool
validated for patient report in oncology settings [38–40]. The PG‑SGA SF was initiated as
part of the study protocol to create consistency between sites and to facilitate longitudi‑
nal comparisons of malnutrition risk across sites. Dietitians administered a paper version
of the PG‑SGA SF and responses were self‑reported by the patient. The PG‑SGA SF is
a single‑page questionnaire comprising questions about changes in body weight (Box 1),
food intake (Box 2), nutrition impact symptoms (Box 3), and activity and function level
(Box 4). Points from the 4 boxes are summed to yield a total score (range 0 to 37; higher
scores indicate higher nutrition risk), which are categorized according to pre‑specified nu‑
trition triage recommendations: scores 0–1 indicate no intervention is required at this time
but re‑assessment on routine and regular basis is needed during treatment; scores 2–3
recommend patient & family education by dietitian, nurse, or other clinician with phar‑
macologic intervention as indicated by symptom survey (Box 3) and lab values as appro‑
priate; scores 4–8 the individual requires intervention by dietitian, in conjunction with
nurse or physician as indicated by symptoms (Box 3); scores ≥ 9 indicate a critical need
for improved symptommanagement and/or nutrient intervention options. In this study, a
score≥ 4 identified individuals at risk of malnutrition [38]. When more than one PG‑SGA
SF was completed within the same time period for a given patient, which would occur if a
patient had multiple follow‑ups with a dietitian in a given time period, the form closest to
the center of the time period was used (i.e., day 0, 60, 120 or 180) for analysis.

2.4. Nutrition Prescription and Intervention
For each patient, the dietitian provided nutrition prescriptions, which included esti‑

mated energy (kcal/kg body weight/day) and protein (g pro/kg body weight/day) require‑
ments based on the individual dietitians’ assessment of the patient, and a patient‑centered
nutrition intervention was documented. Nutrition prescriptions, route of nutrition, and
timing of initiation according to local practices were collected. Route of nutrition refers to
the manner in which nutrition was delivered to an individual, which was categorized as
oral intake only (oral only), oral intake with use of oral nutritional supplements (oral with
ONS), or use of enteral nutrition with or without oral intake (EN; included nasogastric,
gastrostomy, jejunostomy feeding tubes). Patients were categorized according to a route
of nutrition if they were ever prescribed that route within the 6 month study period. There
were only 4 patients prescribed parenteral nutrition (PN), and in each case they were also
receiving EN and were therefore categorized as using EN. Adequacy of energy and pro‑
tein intakes were calculated as a percent of the prescription received relative to what was
prescribed by the dietitian [(estimated energy or protein intake/amount energy or protein
prescribed) × 100].
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2.5. Statistics
Analyses were performed separately by cancer type: HN and ESO groups. Results

are presented descriptively by time period using medians and quartiles [Q1, Q3], counts
and percentages, or means (±standard deviation) where appropriate. All model‑based
estimates are reported as estimated means and standard errors (SE).

Our study design was prospective longitudinal; PG‑SGA SF data, amount of energy
and protein prescribed, estimated energy and protein intakes, and route of nutrition were
documented repeatedly over the course of the study. As is typical with longitudinal data,
we had unbalanced data due to missing data points (i.e., missing at random) given that
this study was developed based on clinical practice where data is collected at irregular,
subject‑specific intervals.

To assess statistical significance of outcomes over time, regression models recom‑
mended for longitudinal data were used. For continuous outcomes (PG‑SGA SF scores, %
weight change, adequacy of energy and protein intakes), the linear mixed effects model
estimated by restricted maximum likelihood as implemented in the MIXED procedure
of SAS was used. The mixed model estimates the mean given all people remaining in
the dataset. When comparing values over time, we included patient as a random effect
(i.e., missing at random) and time period as a categorical independent variable, except for
weight loss where we used the random coefficients model with month treated as a ran‑
dom linear slope which could vary along with the intercept between individuals. When
comparing PG‑SGA SF scores, adequacy of intake, or weight change by route of nutrition,
we pooled across time periods including time period and route of nutrition as categorical
independent variables. To compare route of nutrition over time we used ordinal regres‑
sion to model intensity of nutrition support (EN > oral with ONS > oral intake only) as the
dependent variable accounting for in patient dependence by using generalized estimating
equations clustered by patient as implemented in the GENMOD procedure of SAS.

SAS Version 9.4 (SAS Institute Inc., Cary, NC, USA) was used for all analysis. All p‑
values were two‑sided without adjustment for multiplicity of tests. A p‑value < 0.05 was
indicative of statistical significance.

3. Results
A total of 170 patients (n = 119 HN; n = 51 ESO) were enrolled (Table 1), although

slightly fewer patients were used for particular parts of the analysis due to missing data
(Table S1).

Table 1. Patient characteristics at baseline.

Head & Neck
Cancers
(n = 119)
n (%)

Esophageal
Cancers
(n = 51)
n (%)

Demographics

Centre (Country—City)
 Australia—Brisbane 10 (8.4%) 0 (0.0%)
 Australia—Sydney 20 (16.8%) 0 (0.0%)
 Canada—Calgary 1 21 (17.6%) 10 (19.6%)
 Canada—Edmonton 1 20 (16.8%) 18 (35.3%)
 Italy—Rome 19 (16.0%) 0 (0.0%)
 Netherlands—Amsterdam 20 (16.8%) 23 (45.1%)
 USA—Sacramento 9 (7.6%) 0 (0.0%)

Age, years
 median (Q1, Q3) 62 (58, 69) 65 (56, 71)
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Table 1. Cont.

Head & Neck
Cancers
(n = 119)
n (%)

Esophageal
Cancers
(n = 51)
n (%)

Demographics

Sex
 Male 93 (78.2%) 41 (80.4%)
 Female 26 (21.8%) 10 (19.6%)

Ethnicity
 Caucasian 111 (93.3%) 50 (98.0%)
 First Nations 1 (0.8%) 0 (0.0%)
 Hispanic 2 (1.7%) 0 (0.0%)
 Asian 3 (2.5%) 1 (2.0%)
 East Indian 1 (0.8%) 0 (0.0%)
 Other 1 (0.8%) 0 (0.0%)

Current Smoker
 Yes 44 (37.0%) 13 (25.5%)
 No 75 (63.0%) 38 (74.5%)

Alcohol use
 Yes 47 (39.5%) 9 (17.6%)
 No 72 (60.5%) 42 (82.4%)

ECOG Performance Status
 0 78 (65.5%) 32 (62.7%)
 1 32 (26.9%) 16 (31.4%)
 2 6 (5.0%) 3 (5.9%)
 3 3 (2.5%) 0 (0.0%)

BMI, kg/m2

 median (Q1, Q3) 25.8 (23.0, 30.0) 27.5 (24.5, 31.0)

BMI Class
 <18.5 6 (5.0%) 1 (2.0%)
 18.5–24.9 46 (38.7%) 13 (25.5%)
 25.0–29.9 37 (31.1%) 21 (41.2%)
 ≥30.0 30 (25.2%) 16 (31.4%)

Cancer Stage

 1 5 (4.2%) 4 (7.8%)
 2 8 (6.7%) 13 (25.5%)
 3 18 (15.1%) 15 (29.4%)
 4 (Any) 74 (62.2%) 4 (7.8%)
 Could not assess stage 7 (5.9%) 9 (17.7%)
 Not staged 7 (5.9%) 4 (7.8%)
 Missing 0 (0%) 2 (3.9%)

Tumor Site—Head & Neck
 Primary unknown 3 (2.5%)
 Hypopharynx 10 (8.4%)
 Larynx 22 (18.5%)
 Nasopharynx 5 (4.2%)
 Oral cavity 32 (26.9%)
 Oropharynx 39 (32.8%)
 Other 3(2.5%)
 Salivary gland 5 (4.2%)
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Table 1. Cont.

Head & Neck
Cancers
(n = 119)
n (%)

Esophageal
Cancers
(n = 51)
n (%)

Demographics

Treatment Modality 2 n = 100 n = 51
 None 5 (5.0%) 4 (7.8%)
 Chemotherapy—definitive 0 (0.0%) 2 (3.9%)
 Chemotherapy—adjuvant 0 (0.0%) 1 (2.0%)
 Radiotherapy—definitive 15 (15.0%) 0 (0.0%)
 Surgery 10 (10.0%) 2 (3.9%)
 Chemoradiotherapy—definitive 54 (54.0%) 7 (13.7%)
 Surgery + adj/neoadj RT 7 (7.0%) 0 (0.0%)
 Surgery + adj/neoadj CRT 9 (9.0%) 35 (68.6%)

Abbreviations: adj, adjuvant; ECOG, Eastern Cooperative Group performance Status; neoadj, neoadjuvant; RT,
radiotherapy; CRT, chemoradiotherapy. 1 3 participating sites each from Edmonton and Calgary. 2 Treatment
modality was not captured from 19 patients from one site (Rome, Italy).

3.1. What Did the Audit Tell Us about Risk of Malnutrition?
3.1.1. HN Cancers

At baseline, 5% of patients were underweight (BMI < 18.5), and 25% were obese
(BMI ≥ 30.0). In the 6 months prior to enrolling in the study, patients had lost a mean
(±SD) of 3.8 ± 7.5% of their body weight. According to the PG‑SGA SF, the percentage
of patients at risk of malnutrition (score ≥ 4) was high across all study periods (60% at
baseline, 86% at 2 months, 75% at 4 months, and 66% at 6 months; Table 2).

Table 2. Results from the PG‑SGA SF over time.

Head & Neck Cancers Esophageal Cancers

Baseline 2 Months 4 Months 6 Months Baseline 2 Months 4 Months 6 Months
n = 116 n = 104 n = 105 n = 90 n = 44 n = 38 n = 38 n = 36

PG‑SGA
total score,
 median
(Q1, Q3)

5 (1, 10) 12 (7, 18) 7 (4, 10) 6 (2, 11) 8 (4, 11) 7 (2, 15) 9 (6, 10) 5 (2, 9)

PG‑SGA
Triage,
n(%)
 0–1 1 33 (28) 8 (8) 13 (13) 15 (17) 4 (9) 6 (16) 1 (3) 4 (11)
 2–3 2 13 (11) 6 (6) 12 (12) 15 (17) 6 (14) 5 (13) 5 (13) 6 (17)
 4–8 3 33 (28) 21 (20) 39 (37) 27 (30) 14 (32) 11 (29) 12 (32) 17 (47)
 ≥9 4 37 (32) 69 (66) 40 (38) 32 (36) 20 (45) 16 (42) 20 (53) 9 (25)

Abbreviations: BMI, bodymass index; n, number; NIS, nutrition impact symptom; PG‑SGASF, patient generated‑
subjective global assessment short form; RD, registered dietitian; Q, quartile. 1 no intervention, re‑assess
regularly, 2 patient & family education; pharmacological intervention as indicted by symptoms, 3 interven‑
tion by RD, and nurse or physician as indicated by symptoms, 4 critical need of symptom management and
nutrition intervention.

PG‑SGA SF scores were higher (p < 0.001) from baseline at 2 months, due to increased
nutrition impact symptoms (Figure 1a). Patients lost weight (p < 0.001) from baseline to
6 months; based on linear mixed modelling patients lost an estimated average of
2.2% (0.2) per month, equating to an estimated weight loss of 13.2% over the 6 month
audit period.
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Figure 1. Stacked bar charts for (a) and (b) display the distribution of mean total PG‑SGA SF scores
over time, highlighting the contribution of weight loss (Box 1—blue), food intake (Box 2—red), nu‑
trition impact symptoms (Box 3—teal), and activity and function level scores (Box 4—brown) to the
total score at each time period.

3.1.2. ESO Cancers
At baseline 2% of patients were underweight (BMI < 18.5), and 31% were obese

(BMI ≥ 30.0). In the 6 months prior to enrolling in the study, patients had lost a mean
(±SD) of 5.1 ± 7.2% of their body weight. According to the PG‑SGA SF, the percentage
of patients at risk of malnutrition was high, and remained unchanged (p = 0.46; Figure 1b)
across all study periods (77% at baseline, 71% at 2 months, 85% at 4 months, 72% at
6 months; Table 2). Patients lost weight (p < 0.001) from baseline to 6 months; based on
linear mixed modelling patients lost an estimated average of 1.9% (0.2) per month, equat‑
ing to an estimated weight loss of 11.4% over the 6 month audit period.

3.2. What Did the Audit Tell Us about the Timing and Type of Nutrition Route Used?
The relative frequency of nutrition routes used varied over time for HN (p = 0.0038)

and ESO (p = 0.0008) cancers (Figure 2A). The ESO group were over twice as likely to use
EN at 4months (67%) and 6months (48%) compared to baseline (20%) and 2months (32%).
The trend, although weaker, was opposite in the HN group who were more likely to use
EN at 2 months (54%) compared to baseline (36%), 4 months (40%) and 6 months (26%).

When evaluated using linearmixedmodels, after controlling for time period, PG‑SGA
SF scores varied across route of nutrition for HN (p = 0.0014) and trended to significance
for ESO (p = 0.051) cancers (Figure 2B). The trend in both groups was for patients receiving
EN to have the highest PG‑SGA SF scores, followed by oral with ONS, and oral only route
with the lowest scores.
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Figure 2. (A) Clustered bar charts display the frequency of route of nutrition used by time period
for the(a) Head and Neck Group and (b) Esophageal Group; numbers above each bar indicate the
number of patients. (B) Bar charts display the linear mixed model estimated mean (SE) PG‑SGA SF
scores for patients with (a) Head and Neck Group and (b) Esophageal Group according to route of
nutrition, controlled for time period. The trend in both groups was for patients receiving EN to have
the highest PG‑SGA SF scores, followed by oral with ONS, and then the oral only route with the
lowest scores.

3.3. What Did the Audit Tell Us about the Adequacy of Energy and Protein Intakes According to
Nutrition Route?

The mean (±SD) prescriptions, pooled across time periods, for energy was
30.4± 4.9 kcal/kg/day (min 20.8–max 41.7) and for protein was 1.4± 0.3 (0.7–2.1) g/kg/day
for HN group (n = 88). Themean prescriptions, pooled across time periods, for energy was
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26.6 ± 4.2 kcal/kg/day (19.0–35.7) and for protein was 1.3 ± 0.2 (0.8–2.0) g/kg/day for ESO
group (n = 50), and did not change over time (black lines in Figure 3).
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Figure 3. Stacked bar charts display themean (A) energy (kcal/kg/d) and (B) protein (g/kg/d) intakes
by route of nutrition used (EnteralNutrition (EN)—blue; ParenteralNutrition (PN)—red; Oral intake
(with or without ONS)—teal); for patients with HN and ESO cancers for each time period; the black
lines indicate the average nutrient prescription.

For the HN group, adequacy of energy (p = 0.14) and protein (p = 0.064) intakes did
not change over time (Figure 3). For the ESO group, adequacy of energy intake declined
(p = 0.0059) due to a reduction after baseline, but protein intake althoughdecreased, was not
affected (p = 0.082). It is notable that energy and protein intakes were below the prescribed
amounts in all periods, and that, except for at 4 months in the ESO group, most of the
nutrition was received orally (with or without ONS; Figure 3).

When linear mixedmodels were adjusted for PG‑SGA SF score and time period, there
was a difference in adequacy of energy and protein intakes by route of nutrition for both
the HN (p = 0.0008; p = 0.001) and ESO (p = 0.004; p = 0.011) groups (Figure 4). HN cancers
had lowest adequacy of energy and protein intake with the nutrition route oral with ONS
when compared to EN and oral only routes. ESO cancers had highest adequacy of energy
and protein intake with the nutrition route EN when compared to oral with ONS or oral
only routes. Although energy and protein targets were not met in any time period, linear
mixed models show for HN patients, as energy and protein adequacy increased, patients
experienced less weight loss (p < 0.001), when controlling for nutrition route. For ESO
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patients, neither the amount of energy nor protein received (p = 0.97; p = 0.84), nor route of
nutrition (p > 0.1) were associated with weight loss.
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Figure 4. Bar charts display the linear mixed model estimated mean (SE) % adequacy [(estimated
intake/amount prescribed)× 100%] for energy and protein intake for the (A) Head and Neck Group
(a,b) and (B) Esophageal Group (a,b) cancers. Each bar represents the within person estimatedmean
(SE) averaged across the different nutrition routes over time for an individual with an average PG‑
SGS SF score. p‑values represent significant differences in % adequacy by route of nutrition ad‑
justed for time period and PG‑SGA SF score. a,b indicate differences (p < 0.05) between nutrition
routes used.

4. Discussion
In this study, we prospectively evaluated malnutrition risk, nutrition prescriptions

and intervention data from foregut tumor patients undergoing cancer treatment at mul‑
tiple international cancer centers over a period of 6 months. Data from the PG‑SGA SF
revealed that patients were at risk of malnutrition throughout the study period, and high‑
lighted points in time along the treatment trajectory where EN and ONS were more likely
to be prescribed. For patients with HN cancers this occurred at 2 months, and for ESO
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patients it was at 4 and 6 months. Although patients receiving EN had the highest energy
and protein intakes, target intakes were not met with any nutrition route, in any time pe‑
riod, and weight loss was not attenuated. Over the 6 month audit period, HN and ESO
patients experienced significant weight losses of 13.2% and 11.4%, respectively. PN was
not considered in this study as it was only prescribed concurrently with EN for 4 patients
(2.5%), likely because patients were treated in an outpatient setting, and in many centers
PN is only prescribed in inpatient settings. In this study, energy and protein intakes were
suboptimal even when patients received ONS or EN. This study was not designed to ex‑
plore why nutrition practices were not meeting recommended guidelines for energy and
protein intakes, which warrants further study.

Overall, the 11 participating sites had good adherence (>80%) to guidelines for pre‑
scribing energy (average 27–30 kcal/kg/day) andprotein (average 1.3–1.5 g protein/kg/day).
Achieving these nutritional targets was a challenge; energy intakes for patients with HN
cancers were consistently between 20 and 25 kcal/day and protein intakes were
~1.1 g/kg/day, whereas patients with ESO cancers intake declined after the baseline pe‑
riod to an average of ~18 kcal/kg/day and ~0.8 g protein/kg/day, which are suboptimal for
weight maintenance. Although the route of nutrition prescribed (EN > oral intake only
> oral with ONS) helped patients get closer to their target nutritional intakes, these tar‑
gets were not met and weight loss was not attenuated in either group. In studies of pa‑
tients undergoing treatment for HN cancers, attenuation of weight and skeletal muscle
loss was observed with energy and protein intakes of >30 kcal/kg/day and >1.0 g/kg/day,
respectively [41,42]. The energy and protein intakes reported here are similar to those
reported by Bargetzi et al. [43]. In that study, cancer patients at increased risk of malnutri‑
tion were randomized to receive individualized nutrition support delivered by a dietitian
(e.g., oral intake + ONS; EN or PN vs. oral intake only) vs. usual care without nutrition
support during their hospital stay. Compared to the usual care group, the nutrition sup‑
port group had higher energy (mean 20.9 kcal/kg/day vs. 16.6 kcal/kg/day) and protein
(0.8 g pro/kg/day vs. 0.6 g pro/kg/day) intakes. However, intakes for both groups were
suboptimal, and below European Society for Clinical Nutrition and Metabolism (ESPEN)
recommendations [22]. Despite suboptimal intakes those receiving nutrition support, com‑
pared to those who did not, experienced improved functional outcomes and quality of
life, demonstrating a positive effect of using person‑centered nutrition support strategies
delivered by a dietitian [43]. As discussed by Bozzetti [44], perhaps there is a disasso‑
ciation between improvements in body weight, muscle mass and improvements in func‑
tional status and quality of life. This may be of importance when discussing goals of care
with patients.

Barriers to implementation and adherence to nutrition prescriptions and interven‑
tionswere not evaluated in this study, and are likelymultifactorial and related to key issues
at the patient, provider, and health system levels [27,45–47]. This includes the need for in‑
creased adoption and adherence of EBGs into practice. Key EBGs requiring further study
include benefits of (1) proactive use of EN via percutaneous gastrostomy (PEG) commenc‑
ing pre‑cancer treatment versus use of reactive nasogastric (NG) tubes later in treatment,
(2) increased intensity of nutrition intervention/dietetic counselling, e.g., weekly dietitian
visits, and (3) understanding barriers to adherence to nutrition prescriptions, inclusive of
the patient experience. Other related factors may include more severe disease, increased
side effects from treatment, and higher symptom burden. Differences in nutrition care
protocols or individual practitioners may also affect decisions regarding the timing for ini‑
tiation of nutrition support. Although we could not account for the effect of treatment in
our study, we recognize it to be a major contributor to the severity and type of nutrition
impact symptoms patients’ experience, as well contributing to inflammation and tissue
catabolism, contributing to increased weight loss.

There are limitations to this study. Data were collected by a small number of individ‑
ual clinicians through quota sampling resulting in a small sample size and lack of ethnic
diversity. We acknowledge a need to include ethnically diverse study participants to cre‑
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ate study cohorts reflective of all patients who experience HN and ESO cancers. While
the inclusion of 11 international sites was a strength, it highlights the variation in nutri‑
tion practices around the world, which can differ according to center and individual clini‑
cian. We acknowledge there is variation in the methods and tools used across and within
nutrition care practices. In addition, longitudinal data were collected at irregular, subject‑
specific intervals, as occurs in clinical practice, which resulted in patient attrition from later
follow‑up and a small sample size as the study progressed over time. Our study was not
powered to evaluate the impact of individual level nutrition care practices at each cancer
center or to evaluate impact of treatment modality on clinical outcomes. We acknowledge
these factors may have contributed to a selection bias, and limit the generalizability of
our findings.

In our earlier paper, Findlay et al. [37], we reported that although RDs’ nutrition care
practices generally adhere to EBGs, there are significant gaps that exist when translating
to the patient level. We chose to lookmore closely at those gaps in the current study. What
is novel about this paper is that it describes what is actually being done for patients with
HN and ESO cancers in clinical practice in terms of nutrition screening, route of nutri‑
tion, adequacy of energy and protein intakes, and changes in body weight that occur. For
example, we found that although RDs are prescribing energy and protein intakes accord‑
ing to EBGs, patients are not meeting these targets despite using different routes of feed‑
ing and continue to lose weight. From the literature, it is acknowledged that weight loss
(pre‑treatment and/or during treatment) is associated with poor clinical and patient cen‑
tered outcomes [5,48]. EBGs are created to help providers optimize nutrition care delivery,
and are based on studies that demonstrate a positive impact on clinical, cost, and patient‑
centered outcomes [49,50]. Our study identifies a gap between prescribing and adherence
to EBG as an area of focus for future work.

The descriptive analysis of nutrition care practices presented therefore identifies po‑
tential windows of opportunity highlighting time points along the treatment trajectory
where nutrition support may be required for patients with HN (e.g., 2 months into treat‑
ment) and ESO (e.g., 2–4 months into treatment) cancers, and identifies areas where in‑
creased adoption and adherence to EBGs is necessary. These windows require further in‑
vestigation, and may inform the design of future studies to identify additional care needs
and resources unique to patients with HN and ESO cancers worldwide.
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