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Abstract: Considering the symptoms of (chemo) radiotherapy and the reduction in food intake in head
and neck cancer (HNC) patients, this study aimed to investigate the association between treatment
time points and oral nutritional supplementation (ONS) on dietary intake to estimate the frequency of
energy and nutrient inadequacy, and also to evaluate body weight changes (BWC). Dietary intake data
of 65 patients were obtained from 24-h dietary recalls and prevalence of inadequacy was calculated
before or at the beginning (T0), in the middle (T1), and at the end of treatment (T2). BWC were
calculated as the weight difference considering the previous weight reported and/or measured.
Energy and macronutrient intake decreased in T1 and then improved in T2 (p < 0.001 for both).
Micronutrient intake increased during treatment due to ONS use, but still presented a high probability
of inadequate intake. In particular, calcium, magnesium, and vitamin B6 showed almost 100% of
probability of inadequacy for those who did not use ONS. Finally, overweight patients suffered
a higher weight accumulated deficit with a delta of −15 kg compared to other BMI (body mass index)
categories. Therefore, we strongly recommend initiating nutritional counseling in conjunction with
prophylactic ONS prescription from diagnosis to adjust nutrient intake and minimize weight loss.

Keywords: food consumption; weight loss; malnutrition; dietary supplements; head and
neck neoplasms

1. Introduction

Head and neck cancer (HNC) are the seventh most common malignant tumors in the world [1].
Among the modalities of treatment, chemoradiotherapy (CRT) is related to symptoms such as oral
mucositis, xerostomia, and dysgeusia, which could affect dietary intake [2,3]. Aside from symptoms
resulting from treatment, these patients also have other negative symptoms as the tumor can cause
problems when chewing and swallowing [4], and make eating difficult and painful [5].

These symptoms can cause a reduction in dietary intake [5], and are associated with weight loss
and malnutrition [6,7], worse quality of life [4], infection, higher hospital readmissions, longer length
of hospital stay, and mortality [8]. As a result, a marked change in the consistency of food
consumption by HNC patients has been observed during the treatment period that may interfere with
energy adequacy [5,9] and lead to reduced macronutrient intake. Furthermore, inadequate intake of
micronutrients such as vitamins D, E, C, folate, calcium, iron, and magnesium has been described
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in HNC patients, and oral nutritional supplementation (ONS) has been required in order to achieve
recommended levels [10,11], since micronutrients are important for enzymatic reactions that impact
the metabolism as a whole [12].

According to the United Kingdom National Multidisciplinary Guidelines [13], nutritional support
is an important part of the treatment of HNC patients. Nutritional intervention during treatment is
indicated in order to prevent weight loss, increase food intake, and decrease treatment interruptions.
Thus, when oral nutrition is inadequate, ONS use and tube feeding are indicated. HNC patients who
receive nutritional counseling and use nutritional support show improvement in weight loss, quality of
life and survival [14–17].

Thus, nutritional support of HNC patients including ONS use is important. However, the levels of
both dietary intake and ONS contribution to macro- and micronutrient consumption during treatment
are currently unknown or understudied. Studies in the literature assess the presence of individual
nutritional counseling [18] and use or not of ONS [19] with outcomes such as weight [15,20], quality of
life, mortality, and nutritional status [21]. However, as these variables are abstract, studies that account
for or assist in quantifying the nutrient intake are necessary, since the quantification of consumption is
often neglected in clinical practice and little explored in studies due to the complexity of analysis. Thus,
with this evaluation, it is possible to obtain an assertive nutritional approach. Moreover, most studies
evaluating dietary intake in HNC patients are long-term [10,22], and do not assess the effects and acute
treatment changes presented by these patients.

To the best of our knowledge, this is the first prospective study to evaluate macro and micronutrient
intake during treatment; that is, in the short-term. This is important because it allows dietary nutritional
monitoring to be frequently carried out in order to minimize the possible cumulative losses that the
patient has since the onset of symptoms and which are often not properly valued in these studies.
In addition, there are no data in the literature on the prevalence of inadequate dietary intake in
these patients. It is therefore important to identify the treatment time point at which the impact on
dietary intake is greatest, so that an early assessment of nutritional changes can be made and the
above-mentioned negative impacts minimized through nutritional counseling. Furthermore, it is
possible to minimize weight loss by considering not only nutritional counseling, but the identification
of specific needs, taking care to not neglect patients who do not demonstrate physical malnutrition
so clearly.

We hypothesized that macro- and micronutrient intake was reduced in HNC patients during
treatment. Thus, the aim of this prospective study was to investigate the association between treatment
time points and ONS on dietary intake to estimate the frequency of energy and nutrient inadequacy as
well as to evaluate body weight changes (BWC) in HNC patients during (chemo) radiotherapy.

2. Materials and Methods

2.1. Study Design and Ethical Aspects

A prospective observational study was carried out with HNC patients during (chemo) radiotherapy.
These patients were recruited from the outpatient treatment of a tertiary university hospital, which was
the regional referral center for HNC patients undergoing antineoplasic treatment in the city of
Uberlandia, Minas Gerais, Brazil, between July 2017 and November 2018. The patients were evaluated
at three time points: before or at the beginning of treatment (T0); in the middle (T1 ~four weeks,) and at
the final treatment (T2 ~eight weeks).

This study was approved by the Human Research Ethics Committee (protocol number
65340116.8.0000.5152) and all participants signed a free and informed consent form. The entire
study was conducted based on the standards of the Declaration of Helsinki [23].
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2.2. Sample Size and Eligibility Criteria

In order to estimate the sample size required for this study, we used G* Power software,
version 3.1 (Heinrich-Heine-University Düsseldorf, Düsseldorf, Germany). Considering a single
group of individuals and three measurements, the sample size calculations were based on an F-test
repeated-measures ANOVA with an effect size of 0.25, an α level of 0.05, and 95% power. The result
of the calculation required a minimum sample size of forty-five patients. So, considering a 20%
adjustment for possible losses, a minimum of fifty-four patients was needed at baseline (T0).

The inclusion criteria were patients aged 18 years or older, diagnosed with primary malignant
tumors in the head and neck region who were undergoing radiotherapy (RT), chemotherapy (CT),
or a combination of these modalities, with or without surgery, independent of tumor stage, and were
invited to participate. Patients were considered to be T0 when treatment had not been initiated or at the
beginning of treatment, before presenting collateral effects. Patients with metastasis at T0 or who had
been previously treated with RT and/or CT for other types of cancer in the last 10 years were excluded.

During the study period, 140 patients were approached, 25 declined to participate, and 24 did not
meet the inclusion criteria, resulting in 91 patients (60 patients with complete dietary intake data in T0).
Of the 91, two died, 16 lost follow-up, and three refused to continue in the study, totaling 70 patients
in T1 (56 patients with complete dietary intake data in T1). Considering the total participants in T1,
one died and six lost follow-up, totaling 63 patients in T2 (53 patients with complete dietary intake
data in T2). With respect to patients with complete intake data, five patients were included only at T1
and T2 and nine patients were included only at T0 and T2, resulting in 65 patients with a complete
dietary assessment.

2.3. Demographic, Clinical, and Nutritional Assessment

Characteristics such as age (years), sex (female/male), clinical diagnosis, tumor site, tumor stage
by American Joint Committee on Cancer–AJCC [24], treatment schedule, ONS or gastric or enteral
tubes use and nutritional counseling were obtained from an initial structured questionnaire and
medical records.

Height and body weight were measured at three study time points using standard protocols [25]
and weight at six (habitual weight) and one month ago was self-reported. Body Mass Index (BMI)
was calculated as body weight (kg)/height (m2) for assessment and classification of nutritional status.
The patients were classified into three groups based on the World Health Organization criteria of
underweight (<18.5 kg/m2), normal weight (18.5–24.9 kg/m2), and overweight (≥25.0 kg/m2) [25].

BWC were calculated as the weight difference considering the weight for six months
(habitual weight) and one month self-reported before treatment, and measured at the three time
points of the study (T0, T1, and T2). BWC calculation considering five points (two points before
treatment and the three treatment time points): BWC T6mo = 0; BWC T1mo = weight for 1 month –
habitual weight; BWC T0 = weight T0 – habitual weight; BWC T1 = weight T1 – habitual weight;
BWC T2 = weight T2 – habitual weight. To calculate the habitual BMI, weight for six months
(habitual weight) was used and height was measured at T0. BWC calculation considering three points
(the three treatment time points): BWC T0 = 0; BWC T1 = weight T1 – weight T0; BWC T2 = weight T2
– weight T0. To calculate the BMI at T0, the weight and height measured at T0 were used.

2.4. Dietary Assessment

Dietary and ONS intake data were obtained from 24-h dietary recalls (24HR) applied at three
study time point (T0, T1, and T2). At each time point, the first 24HR was applied in person and other
two by telephone interview on non-consecutive days including weekend days, in order to record the
eating habits of the study participants more precisely, ideally totaling nine 24HRs for each patient.

Data were collected using the United States Department of Agriculture Multiple-Pass Method,
which guides the respondent to respond to 24HR in five steps [26]. ONS intake was calculated using
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the manufacturers’ labels in order to include all nutrients coming from this source. The same process
was used for patients who were given nutritional therapy by tube feeding. Since the patients can use
different brands of the ONS, depending on the chosen manufacturer, the quantity and brand labels
were properly registered in order to provide complete accounting of nutrient supply.

The following nutrients were analyzed using 24HR: total energy (kcal), carbohydrate (g), protein (g),
lipid (g), dietary fiber (g), monounsaturated, polyunsaturated and saturated fats (g), total cholesterol
(mg), thiamine (mg), riboflavin (mg), niacin (mg), vitamin B6 (mg), vitamin C (mg), iron (mg),
magnesium (mg), zinc (mg), calcium (mg), phosphorus (mg), manganese (mg), potassium (mg),
and sodium (mg). Nutrient content was estimated by Dietpro software, version 5.8.1 (Dietpro Viçosa,
MG, BR), using, for preference, the Brazilian Table of Food Composition [27]. For foods not found in
this table, the United States Department of Agriculture [28] table was used. Nutritional content from
food or supplements not found in the software’s tables were added based on their labels.

Energy and nutrient values were adjusted for intra-individual variability due to intrinsic dietary
intake variability, in order to obtain an individual consumption estimate of energy and nutrients
using the Personal Computer version of the Software for Intake Distribution Estimation (PC-SIDE)
(Department of Statistics, Iowa State University, Iowa, USA), following the methodology described
by Nusser et al. [29]. Subsequently, these were adjusted by the residual method for the sample total
energy in order to adjust nutrient estimates [30].

Prevalence of inadequacy was calculated by the Estimated Average Requirement (EAR) method
as a cut-off point [31]. The Z value was calculated ((EAR—average intake)/standard deviation)) and
the Z table curve was consulted to verify the corresponding percentage of individuals with intakes
below EAR. For this evaluation, the values of energy and nutrients adjusted only for intra-individual
variability were used.

For fiber, manganese, potassium, and sodium, for which there are no established EAR values,
an intake comparison was made with their respective adequate intake (AI) values. When these
nutrients showed an intake above AI, adequacy regarding tolerable upper intake level (UL) was
verified. Macronutrient distribution to total energy value was analyzed using acceptable macronutrients
distribution range (AMDR) values as a reference [32].

For energy (25 kcal/kg/day) and protein intake (1 g/kg/day), the European Society for Clinical
Nutrition and Metabolism (ESPEN) recommendations were used as reference values [33] to understand
whether individuals are capable of achieving the recommended minimum levels of intake of these
macronutrients. For cholesterol and monounsaturated, polyunsaturated, and saturated fats, we used
the recommendations of the Food and Agriculture Organization of the United Nations [34].

2.5. Statistical Analyses

Variable distributions were evaluated by the Kolmogorov–Smirnov test. Descriptive statistics
were shown in percentage, mean, and standard deviation to describe the characteristics of the
investigated population.

Generalized estimating equations (GEE) models were used to determine the association of
treatment time points (T0, T1, and T2), ONS use and treatment time points, and ONS interactions
(independent variables) with nutrient consumption (dependent variables). GEE is a method that
considers the association between different observations in the same individual in prospective studies,
performing a better evaluation of repeated-measures data [35]. The gamma, linear, or Tweedie
distribution models were individually tested for all outcomes. Lower quasi-likelihood under the
independence model criterion (QIC) was observed in the gamma with the log-link model, and was
chosen for GEE analysis. The Bonferroni post-hoc test was used to adjust for multiple comparisons.
Type of treatment, sex, age (years), tumor site, and stage were considered as confounders.

ONS use was grouped in order to be evaluated as an exposure in the GEE models. Since the ONS
can be indicated at the beginning, middle, or final treatment, the individuals were categorized according
the frequency of ONS use by time points: individuals who used ONS 2/3 times (higher frequency of
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use) and those who used ONS 0/1 time (no or lower frequency of use). This strategy was also used to
fix this exposure to analyze the longitudinal effect of ONS use on the dietary intake. For statistical tests
not performed by GEE, the individuals were categorized into “with ONS” or “without ONS” at each
treatment time point. Confidence interval (CI) of 95% and p-value < 0.05 were considered as levels
of statistical significance. All data were analyzed using Statistical Package for Social Sciences (SPSS),
version 25.0 (SPSS Inc., Chicago, IL, USA).

3. Results

Of the 65 patients, the mean age was 59.8 ± 10.1 years, 53 (81.5%) patients were male, 26 (40.0%)
had a tumor in the larynx, followed by oral cavity 21 (32.3%), and pharynx 14 (21.5%). The majority of
patients were at an advanced (T3–T4; 58.4%) stage of cancer. Among the treatment types, most prevalent
were CRT 33 (50.8%) and RT 16 (24.6%) (Table 1). Antineoplasic treatment lasted approximately eight
weeks with a daily RT session from Monday to Friday, totaling 38 to 40 sessions. According to the
institutional protocol, patients underwent RT with a total final radiation dose of 70 or 72 Gy with daily
doses of 180 or 200 cGy. Mean ± standard deviation of the number of RT sessions performed by the
study patients was 1.58 ± 2.3 at time T0, 20.27 ± 3.7 at time T1, and 36.27 ± 3.7 at time T2. For patients
undergoing CRT, the protocol consisted of weekly cisplatin during the radiotherapy course.

Table 1. Clinical characteristics of patients.

Variables Total Sample
T0 (n = 91), T1 (n = 70), T2 (n = 65)

Analyzed Sample
T0 (n = 60), T1 (n = 56), T2 (n = 53)

n (%) or Mean ± SD

Age (years) 60.6 ± 10.9 59.8 ± 10.1

Sex, male 70 (76.9) 53 (81.5)

Underweight patients by BMI
T0
T1
T2

16 (18.0)
16 (23.9)
16 (25.0)

9 (13.8)
14 (23.3)
13 (22.0)

Normal weight patients by BMI
T0
T1
T2

43 (48.3)
35 (52.2)
35 (54.7)

31 (47.7)
30 (50.0)
33 (55.9)

Overweight patients by BMI
T0
T1
T2

30 (33.7)
16 (23.9)
13 (20.3)

25 (38.5)
16 (26.7)
13 (22.0)

Oral nutritional supplements use
T0
T1
T2

32 (35.2)
47 (67.1)
47 (72.3)

18 (30.0)
35 (62.5)
36 (67.9)

Gastric or enteral tubes
T0
T1
T2

10 (11.0)
14 (20.2)
11 (17.2)

4 (6.1)
13 (20.9)
10 (17.0)

Nutritional counseling
T0
T1
T2

20 (22.0)
44 (63.8)
44 (67.7)

12 (18.5)
38 (61.3)
41 (68.3)

Tumor site
Oral cavity a

Nasal cavity
Larynx

Pharynx b

Other c

30 (33.0)
4 (4.4)

32 (35.2)
22 (24.2)
3 (3.3)

21 (32.3)
3 (4.6)

26 (40.0)
14 (21.5)
1 (1.5)
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Table 1. Cont.

Variables Total Sample
T0 (n = 91), T1 (n = 70), T2 (n = 65)

Analyzed Sample
T0 (n = 60), T1 (n = 56), T2 (n = 53)

n (%) or Mean ± SD

T Stage
T1
T2
T3
T4
TX

Not specified or unknown

8 (8.8)
21 (23.1)
28 (30.8)
28 (30.8)
4 (4.4)
2 (2.2)

8 (12.2)
17 (26.1)
21 (32.3)
17 (26.1)
2 (3.1)

N Stage
N0
N1
N2
N3
NX

Not specified or unknown

38 (41.8)
19 (20.9)
18 (19.8)

8 (8.8)
6 (6.6)
2 (2.2)

30 (46.2)
17 (26.2)
11 (16.9)

4 (6.2)
3 (4.6)

M Stage
M0
M1
MX

Not specified or unknown

55 (60.4)
4 (4.4)

26 (28.6)
6 (6.6)

40 (61.5)
2 (3.1)

20 (30.8)
3 (4.6)

Clinical Stage
I
II
III
IV

Not specified or unknown

8 (8.8)
13 (14.3)
24 (26.4)
42 (46.2)
4 (4.4)

8 (12.3)
10 (15.4)
19 (29.2)
28 (43.1)

Mode of treatment
Radiotherapy

Surgery and radiotherapy
Chemoradiotherapy

Surgery and chemoradiotherapy
Chemotherapy

Surgery
Other d

21 (23.9)
10 (11.4)
37 (42.0)
7 (8.0)
1 (1.1)
5 (5.7)
7 (8.0)

16 (24.6)
10 (15.4)
33 (50.8)

6 (9.2)

Abbreviations: BMI, body mass index; SD, standard deviation; Treatment time points: T0, before or at beginning of
treatment; T1, middle of treatment; T2, final of treatment. a tongue, mouth floor, and lip; b hypopharynx, oropharynx,
and nasopharynx; c jaw, cervical and parathyroid; d Loss of follow-up before starting treatment.

Regarding nutritional status performed by BMI, the frequency of underweight increased in the
middle 14 (23.3%), and at the end of treatment 13 (22.0%), and overweight decreased in the middle 16
(26.7%) and at the end of treatment 13 (22.0%), both compared to before treatment. ONS use increased
during treatment (Table 1).

The association of treatment time points and group of ONS use on energy, macro-,
and micronutrient intake is shown in Table 2. In general, there was a significant reduction in energy
(p < 0.001), macronutrients (p < 0.001), and cholesterol (p < 0.001) intake from the beginning (T0) to
the middle of treatment (T1), with the increase at the end of treatment (T2). In addition, those who
used ONS 2/3 times consumed more protein and less polyunsaturated fat (1.32 g/kg/day and 16.95 g,
respectively) than those who used ONS 0/1 time (1.18 g/kg/day and 19.32 g, respectively) at all treatment
time points, with a difference of +0.14 g/kg/day for protein (p = 0.031) and −2.37 g of polyunsaturated
fat (p = 0.005). For micronutrients, except for niacin and vitamin C, an increase in intake from the
beginning (T0) to the middle of treatment (T1) was observed and the values were maintained at the end
of treatment (T2). The use of ONS 2/3 times increased intake of all micronutrients, except potassium
and sodium (Table 2).
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Table 2. Association of treatment time points and oral nutritional supplementation on energy, macro-, and micronutrient intake in head and neck cancer patients
during (chemo) radiotherapy.

Dependent Variables
Mean SE

Independent Variables—Treatment Time Points, Oral Nutritional Supplementation, and
Treatment Time Points with Oral Nutritional Supplementation

T0
(n = 60)

T1
(n = 56)

T2
(n = 53)

p-Value

ONS 0/1
Time

Overall
(n = 82)

ONS 2/3
Times

Overall
(n = 87)

p-Value

T0 T1 T2

p-ValueONS 0/1
Time

(n = 32)

ONS 2/3
Times

(n = 28)

ONS 0/1
Time

(n = 26)

ONS 2/3
Times

(n = 30)

ONS 0/1
Time

(n = 24)

ONS 2/3
Times

(n = 29)

Energy (kcal) 1829.55 a

85.12
1511.03 b

66.80
1804.08 a

82.33 <0.001 1707.20
73.31

1709.87
87.62 0.976 1859.03

100.05
1800.54
117.43

1505.06
81.79

1517.03
91.21

1778.34
96.57

1830.19
98.55 0.715

Energy (kcal/kg/day) d 27.62 a

1.41
23.48 b

1.47
29.44 a

1.52 <0.001 25.97
1.30

27.51
1.93 0.422 27.25

1.47
28.00
2.21

22.61
1.73

24.38
1.97

28.42
1.72

30.49
2.20 0.829

Carbohydrate (g) 230.47 a

3.86
204.12 b

3.10
246.05 c

3.49 <0.001 224.81
3.44

227.62
3.51 0.553 226.18

4.98
234.83

5.69
205.89

4.27
202.37
4.00

243.97
5.34

248.15
4.80 0.296

Protein (g) 88.41 a

1.61
70.43 b

1.27
80.08 c

1.40 <0.001 77.80
1.25

80.83
1.59 0.123 88.42

2.14
88.41
2.42

69.36
1.78

71.51
1.68

76.79
1.77

83.52
2.20 0.147

Protein (g/kg/day) d 1.34 a

0.06
1.10 b

0.05
1.31 a

0.06 <0.001 1.18 a

0.05
1.32 b

0.07
0.031 1.29

0.06
1.39
0.09

1.04
0.05

1.18
0.06

1.22
0.06

1.42
0.08 0.346

Lipids (g) 77.23 a

1.07
60.42 b

1.00
68.31 c

1.26 <0.001 68.88
1.08

67.75
1.18 0.498 79.23

1.40
75.28
1.62

59.89
1.35

60.96
1.37

68.86
2.01

67.76
1.78 0.176

Monounsaturated
fat (g)

20.89 a

0.57
15.41 b

0.38
17.75 c

0.59 <0.001 18.37
0.49

17.40
0.54 0.169 21.72

0.71
20.10
0.76

15.47
0.54

15.36
0.57

18.45
0.78

17.07
0.85 0.417

Polyunsaturated fat (g) 21.33 a

0.86
15.43 b

0.54
18.02 c

0.70 <0.001 19.32 a

0.72
16.95 b

0.69
0.005 23.27

1.14
19.54
1.02

16.05
0.69

14.83
0.73

19.32
0.95

16.81
0.92 0.440

Saturated fat (g) 22.50 a

0.49
19.15 b

0.41
21.69 a

0.59 <0.001 20.44
0.43

21.71
0.52 0.061 22.43

0.58
22.57
0.71

18.52
0.56

19.80
0.61

20.55
0.95

22.90
0.75 0.178

Cholesterol (mg) 289.81 a

14.89
196.10 b

11.29
263.94 a

16.08 <0.001 247.68
12.59

245.57
15.85 0.906 291.92

17.82
287.72
21.51

196.82
14.40

195.37
14.51

264.43
19.31

263.45
23.98 0.995

Calcium (mg) 489.32 a

24.57
771.70 b

32.74
812.89 b

52.45
<0.001 562.76 a

25.13
808.59 b

50.56
<0.001 398.89

26.65
600.26
48.39

653.39
32.32

911.43
57.70

683.83
61.90

966.30
78.40 0.759

Iron (mg) 7.76 a

0.43
9.98 b

0.46
10.19 b

0.73
<0.001 8.33 a

0.32
10.25 b

0.85
0.019 7.46

0.40
8.07
0.71

8.75
0.51

11.39
1.00

8.87
0.72

11.71
1.29 0.148

Fiber (g) 20.31 a

0.82
17.86 b

0.86
19.80 a,b

0.65
0.032 20.00

0.75
18.62
0.82 0.174 21.56

1.14
19.14
1.05

18.01
1.17

17.72
1.18

20.60
0.80

19.03
0.96 0.582
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Table 2. Cont.

Dependent Variables
Mean SE

Independent Variables—Treatment Time Points, Oral Nutritional Supplementation, and
Treatment Time Points with Oral Nutritional Supplementation

T0
(n = 60)

T1
(n = 56)

T2
(n = 53)

p-Value

ONS 0/1
Time

Overall
(n = 82)

ONS 2/3
Times

Overall
(n = 87)

p-Value

T0 T1 T2

p-ValueONS 0/1
Time

(n = 32)

ONS 2/3
Times

(n = 28)

ONS 0/1
Time

(n = 26)

ONS 2/3
Times

(n = 30)

ONS 0/1
Time

(n = 24)

ONS 2/3
Times

(n = 29)

Phosphorus (mg) 1007.34 a

24.66
1015.58 a

24.22
1127.24 b

23.77
<0.001 990.57 a

21.59

1110.16
b

30.58
0.001 960.26

27.12
1056.73

42.30
941.74
27.69

1095.21
34.85

1074.84
35.98

1182.20
33.48 0.373

Magnesium (mg) 212.44 a

8.74
252.40 b

9.94
251.03 b

9.69
<0.001 222.03 a

7.84
254.86 b

11.20
0.005 206.92

9.81
218.10
13.65

223.32
10.14

285.27
16.22

236.85
11.69

266.06
14.00 0.053

Manganese (mg) 1.80 a

0.08
2.15 b

0.09
2.42 b

0.11
<0.001 1.97 a

0.08
2.26 b

0.10
0.011 1.77 a

0.09
1.84 a,c

0.12
1.87 a,c

0.10
2.48 b

0.14
2.30 b,c

0.15
2.54 b

0.16
0.034

Niacin (mg) 15.35
0.57

15.78
0.58

16.50
0.47 0.120 15.03 a

0.43
16.75 b

0.63
0.019 15.15

0.70
15.55
0.88

14.08
0.79

17.68
0.88

15.92
0.56

17.10
0.72 0.067

Potassium (mg) 3648.17 a,b

100.35
3446.59 a

79.65
3718.62 b

97.27
0.004 3531.44

89.78
3675.18

90.79 0.161 3635.20
119.84

3661.19
137.94

3322.53
92.88

3575.28
122.48

3646.36
130.33

3792.31
112.15 0.460

Riboflavin (mg) 0.95 a

0.04
1.29 b

0.05
1.37 b

0.06
<0.001 1.01 a

0.04
1.39 b

0.07
<0.001 0.80

0.05
1.12
0.08

1.10
0.06

1.51
0.08

1.19
0.09

1.58
0.10 0.893

Sodium (mg) 3112.91 a

79.57
2393.95 b

68.84
2774.00 c

77.75 <0.001 2825.23
57.12

2666.08
85.65 0.052 3209.89

77.75
3018.87
113.46

2489.29
89.68

2302.26
94.11

2822.25
93.60

2726.58
98.14 0.734

Thiamine (mg) 1.01 a

0.04
1.21 b

0.05
1.37 c

0.06 <0.001 1.06 a

0.04
1.33 b

0.06
<0.001 0.93

0.04
1.09
0.06

1.03
0.06

1.43
0.08

1.25
0.06

1.50
0.09 0.098

Vitamin B6 (mg) 0.59 a

0.03
0.93 b

0.05
0.96 b

0.05
<0.001 0.68 a

0.04
0.96 b

0.06
<0.001 0.51

0.04
0.68
0.06

0.73
0.06

1.19
0.09

0.84
0.06

1.10
0.08 0.126

Vitamin C (mg) 77.85
5.91

96.64
6.54

91.48
7.76 0.054 74.67 a

4.32
104.40 b

9.20
0.001 63.93

5.61
94.79
11.32

82.27
7.26

113.53
11.04

79.15
9.88

105.73
12.43 0.894

Zinc (mg) 12.50
0.47

11.59
0.42

12.87
0.52 0.022 11.50 a

0.36
13.17 b

0.62
0.008 12.40 a,b

0.51
12.59 a,b

0.62
11.03 b

0.51
12.18 b

0.68
11.13 b

0.60
14.89 a

0.94 0.009

Abbreviations: ONS, oral nutritional supplementation; SE, standard error; Treatment time points: T0, before or at beginning of treatment; T1, middle of treatment; T2, final of treatment;
Adjusted for intra-individual variability, proposed by [29]; Adjusted for total energy consumption by residual method, proposed by [30]. Generalized estimating equations model, adjusted:
treatment, age, sex, tumor site, and stage. Bonferroni post-hoc test: Different superscript letters represent statistical difference (a,b,c) in pairwise comparisons, p < 0.05. Significant tests of
model effects shown in bold. Overall ONS is the total patient data values representing the average of the three treatment time points (n = 169). d Reference for minimum recommended
intake: 25 kcal/kg/day and 1 g protein/kg/day [33].
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Percentage and prevalence of energy and nutrient inadequacy is shown in Table 3 for
macronutrients and Table 4 for micronutrients. In general, a high percentage and prevalence of
inadequacy was observed for energy and nutrient intake, especially in patients who did not use ONS.
Macronutrients with the highest percentage of inadequacy according to AMDR were carbohydrates,
followed by lipids, monounsaturated fats, and saturated fats. Moreover, even using ONS at T1,
protein (grams), lipids, monounsaturated, polyunsaturated, and saturated fat intake presented a high
percentage of inadequacy.

Table 3. Percentage of macronutrient inadequacy, protein in g/kg/day, energy in kcal/kg/day,
and mean values and standard deviation of cholesterol intake in head and neck cancer patients
during (chemo) radiotherapy.

Energy and Nutrients

Percentage of Inadequacy n (%)
T0 T1 T2

Total
(n = 60)

Without
ONS

(n = 42)

With
ONS

(n = 18)

Total
(n = 56)

Without
ONS

(n = 21)

With
ONS

(n = 35)

Total
(n = 53)

Without
ONS

(n = 17)

With
ONS

(n = 36)

Energy (>25 kcal/kg/day) b 16 (26.7) 13 (31.0) 3 (16.7) 23 (43.4) 10 (50.0) 13 (39.4) 11 (21.2) 8 (47.1) 3 (8.6)

Carbohydrate (45–65%) a 35 (58.3) 26 (61.9) 9 (50.0) 31 (55.4) 13 (61.9) 18 (51.4) 27 (50.9) 10 (58.8) 17 (47.2)

Protein (10–35%) a 3 (5.0) 3 (7.1) 0 (0.0) 3 (5.4) 0 (0.0) 3 (8.6) 0 (0.0) 0 (0.0) 0 (0.0)

Protein (>1 g/kg/day) b 7 (11.7) 6 (14.3) 1 (5.6) 16 (30.2) 8 (40.0) 8 (24.2) 4 (7.7) 4 (23.5) 0 (0.0)

Lipids– 20–35%) a 32 (53.3) 23 (54.8) 9 (50.0) 31 (55.4) 11 (52.4) 20 (57.1) 20 (37.7) 10 (58.8) 10 (27.8)

Monounsaturated fat
(15–20%) c 57 (95.0) 39 (92.9) 18 (100.0) 56 (100.0) 21 (100.0) 35 (100.0) 52 (98.1) 16 (94.1) 36 (100.0)

Polyunsaturated fat
(6–11%) c 26 (43.3) 20 (47.6) 6 (33.3) 25 (44.6) 9 (42.9) 16 (45.7) 22 (41.5) 8 (47.1) 14 (38.9)

Saturated fat (< 10%) c 38 (63.3) 26 (61.9) 12 (66.7) 35 (62.5) 12 (57.1) 23 (65.7) 29 (54.7) 10 (58.8) 19 (52.8)

Cholesterol (<300 mg) c

Mean SD
294.1
90.3

282.4
74.2

321.6
117.9

199.3
71.7

200.6
54.8

198.5
81.0

269.9
117.6

270.8
107.4

269.5
123.5

Treatment time points: T0, before or at beginning of treatment; T1, middle of treatment; T2, final of treatment;
ONS, oral nutritional supplementation: without or with use; a AMDR, acceptable macronutrient distribution
range [32]; b Reference for minimum recommended intake: 25 kcal/kg/day and 1 g protein/kg/day [33]; c [34].
Cholesterol intake should be minimized while consuming a nutritionally adequate diet.
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Table 4. Prevalence of nutrient intake inadequacy using the estimated average requirement (EAR) method as the cut-off point, and comparison of intake with adequate
intake (AI) in head and neck cancer patients during (chemo)radiotherapy.

Nutrients Sex
Age Group

(years)
DRI

(EAR)

Prevalence of Inadequacy (%)
T0 T1 T2

Total
(n = 60)

Without
ONS

(n = 42)

With
ONS

(n = 18)

Total
(n = 56)

Without
ONS

(n = 21)

With
ONS

(n = 35)

Total
(n = 53)

Without
ONS

(n = 17)

With
ONS

(n = 36)

Calcium (mg)
Male 31–70

>70
800

1000
62.17
77.94

79.67
93.19

40.13
53.98

30.50
46.41

51.20
77.04

21.48
34.83

28.43
42.07

75.17
93.32

14.23
25.46

Female 31–50
>51

800
1000

62.17
77.94

79.67
93.19

40.13
53.98

30.50
46.41

51.20
77.04

21.48
34.83

28.43
42.07

75.17
93.32

14.23
25.46

Iron (mg)
Male >31 6 21.77 23.27 17.36 17.11 18.14 14.01 15.62 27.09 9.51

Female 31–50
>51

8.1
5

36.69
16.11

42.07
16.35

27.76
13.35

25.46
13.79

33.72
12.71

20.61
11.51

23.89
12.51

47.61
18.94

15.62
7.35

Phosphorus (mg)
Male >31 580 7.49 6.68 7.08 6.18 5.26 6.18 2.87 10.56 0.52

Female >31 580 7.49 6.68 7.08 6.18 5.26 6.18 2.87 10.56 0.52

Magnesium (mg)
Male >31 350 86.86 95.35 70.88 69.50 94.63 59.48 79.10 97.98 69.50

Female >31 265 61.41 71.90 47.61 43.25 65.91 35.94 43.64 77.94 28.77

Niacin (mg)
Male >31 12 26.43 30.15 18.41 24.20 33.36 18.94 8.85 24.20 2.33

Female >31 11 21.48 24.83 14.46 20.05 28.43 15.15 5.26 17.62 1.02

Riboflavin (mg)
Male >31 1.1 45.62 60.26 24.20 24.20 35.20 17.36 22.96 51.60 12.92

Female >31 0.9 33.00 43.25 16.11 16.11 24.83 10.93 16.60 34.83 8.69

Thiamine (mg)
Male >31 1.0 42.47 48.01 30.85 29.12 38.21 24.20 16.35 36.32 6.94

Female >31 0.9 34.46 38.97 24.83 23.89 30.15 19.77 11.90 28.77 4.36

Vitamin B6 (mg)
Male 31–50

>51
1.1
1.4

84.61
96.08

96.86
99.83

63.31
80.78

49.60
66.28

81.33
95.73

39.36
54.78

49.20
73.57

87.29
98.50

35.94
62.55

Female 31–50
>51

1.1
1.3

84.61
93.45

96.86
99.49

63.31
75.80

49.60
61.03

81.33
92.51

39.36
49.60

49.20
65.91

87.29
96.64

35.94
53.59
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Table 4. Cont.

Vitamin C (mg)
Male >31 75 39.74 49.60 27.43 26.43 37.07 20.90 32.64 50.00 27.09

Female >31 60 31.56 36.32 22.36 19.22 21.48 15.15 25.14 35.94 20.61

Zinc (mg)
Male >31 9.4 12.71 14.92 7.64 26.11 30.15 24.20 21.19 42.47 11.51

Female >31 6.8 2.81 3.75 1.13 12.51 13.79 11.70 11.51 26.43 5.05

DRI
(AI) Consumption Comparison with AI-Below Recommendation n (%)

Fiber (g)
Male 31–50

>51
38
30

9(15.0)
36 (60.0)

6(14.3)
24(57.1)

3(16.7)
12(66.7)

9(16.1)
35(62.5)

4(19.0)
12(57.1)

5(14.3)
23(65.7)

8(15.1)
32(60.4)

3(17.6)
9(52.9)

5(13.9)
23(63.9)

Female 31–50
>51

25
21

3(5.0)
6(10.0)

3(7.1)
4(9.5)

0(0.0)
2(11.1)

2(3.6)
6(10.7)

2(9.5)
1(4.8)

0(0.0)
5(14.3)

3(5.7)
7(13.2)

2(11.8)
2(11.8)

1(2.8)
5(13.9)

Manganese (mg)
Male >31 2.3 41(68.3) a 28(66.7) 13(72.2) 23(41.1) a 10(47.6) 13(37.1) 16(30.2) a 10(58.8) 6(16.7)

Female >31 1.8 6(10.0) a 4(9.5) 2(11.1) 6(10.7) a 4(19.0) 2(5.7) 6(11.3) a 3(17.6) 3(8.3)

Potassium (mg)
Male >31 3400 21(35.0) b 13(31.0) 8(44.4) 20(35.7) b 7(33.3) 13(37.1) 11(20.8) b 8(47.1) 3(8.3)

Female >31 2600 3(5.0) b 3(7.1) 0(0.0) 4(7.1) b 2(9.5) 2(5.7) 1(1.9) b 1(5.9) 0(0.0)

Sodium (mg)
Male >31 1500 0(0.0) b 0(0.0) 0(0.0) 4(7.1) b 2(9.5) 2(5.7) 2(3.8) b 1(5.9) 1(2.8)

Female >31 1500 0(0.0) b 0(0.0) 0(0.0) 1(1.8) b 0(0.0) 1(2.9) 0(0.0) b 0(0.0) 0(0.0)

Treatment time points: T0, before or at beginning of treatment; T1, middle of treatment; T2, final of treatment; DRI, Dietary Reference Intake [32]; EAR, estimated average requirement;
AI, adequate intake, ONS, oral nutritional supplementation: without or with use. a Below UL (tolerable upper intake level) of 11 mg. b UL not determined due to lack of toxicological
indicator specific to excessive potassium and sodium intake.
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In Table 4, we observed that even though there was an increase in micronutrient intake during
treatment with ONS use (Table 2), it was not enough to ensure adequacy compared to EAR. Inadequacy
prevalence was lower in those who used ONS compared with those who did not. However, a high
prevalence of inadequacy was observed, mainly for calcium, magnesium, and vitamin B6 intake,
which was almost 100% for those who did not use ONS. Compared with AI, male patients presented
a higher percentage of values below the recommended levels for fiber and manganese intake.

Regarding the initial nutritional status (six months before the treatment), the patients suffered
negative mean BWC, and the overweight patients suffered a higher weight accumulated deficit with
a delta of −15 kg (Figure 1A). Furthermore, those who used ONS showed less weight loss, except of
the overweight patients (Figure 1B).

There was a decreasing trend of energy (kcal/kg/day, Figure 2A–C) and protein intake (g/kg/day,
Figure 2D–F) comparing the underweight with overweight patients regardless of ONS use. Only the
underweight group with and without ONS use showed an important difference considering the energy
in T1 and protein consumption in T2 (Figure 2B,F).
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Figure 1. BWC by BMI groups. (A) BWC considering 5 time points (two points before treatment and the three treatment time points) for the patients categorized by 

habitual BMI (kg/m²). (B) BWC for the patients considering three time points (the three treatment time points) categorized by T0 BMI (kg/m²) and use or not of ONS. 

Abbreviations: BWC, body weight changes; BMI, body mass index; ONS, oral nutritional supplementation. 

Figure 1. BWC by BMI groups. (A) BWC considering 5 time points (two points before treatment and the three treatment time points) for the patients categorized by
habitual BMI (kg/m2). (B) BWC for the patients considering three time points (the three treatment time points) categorized by T0 BMI (kg/m2) and use or not of ONS.
Abbreviations: BWC, body weight changes; BMI, body mass index; ONS, oral nutritional supplementation.
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Figure 2. Mean energy and protein intake and BWC by nutritional status. (A) Mean energy intake and BWC considering three time points by nutritional status in 

T0. (B) Mean energy intake and BWC considering three time points by nutritional status in T1. (C) Mean energy intake and BWC considering three time points by 

nutritional status in T2. (D) Mean protein intake and BWC considering three time points by nutritional status in T0. (E) Mean protein intake and BWC considering 

three time points by nutritional status in T1. (F) Mean protein intake and BWC considering three time points by nutritional status in T2. Abbreviations: BWC, body 

weight changes; ONS, oral nutritional supplementation. 

Figure 2. Mean energy and protein intake and BWC by nutritional status. (A) Mean energy intake and BWC considering three time points by nutritional status in
T0. (B) Mean energy intake and BWC considering three time points by nutritional status in T1. (C) Mean energy intake and BWC considering three time points by
nutritional status in T2. (D) Mean protein intake and BWC considering three time points by nutritional status in T0. (E) Mean protein intake and BWC considering three
time points by nutritional status in T1. (F) Mean protein intake and BWC considering three time points by nutritional status in T2. Abbreviations: BWC, body weight
changes; ONS, oral nutritional supplementation.
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4. Discussion

A significant reduction in energy, macronutrients, and cholesterol intake at the middle of treatment
(first month) and the return of these consumption levels at the end of treatment (second month) were
observed. Regarding micronutrients, the majority of patients increased their intake from the beginning
to the middle of treatment and the values were maintained until the end due to ONS use. However,
energy, macro-, and micronutrient inadequacy prevalence was high in all time points, especially in
patients who did not use ONS. Finally, overweight patients suffered a higher weight accumulated
deficit compared to other BMI categories. In general, those who used ONS showed less weight loss,
except for overweight patients, and only the underweight group with and without ONS use showed
an important difference considering the energy in T1 and protein consumption in T2.

Recent studies in the literature have evaluated dietary intake after treatment (long-term), but not
during the treatment. They assessed at diagnosis and post induction chemotherapy, after RT, from one
and three months after the end of treatment [22], or at baseline and post-treatment (after 4–6 weeks of
RT and/or CT, and follow-up (8–10 weeks after completion of treatment) [10]. The difference in our
study is that we identified the treatment time points at which there was the greatest impact on dietary
intake and showed the high prevalence of the inadequacy of energy and nutrients (short-term). This is
important because the greater impact during treatment can cause negative consequences that can be
predicted if the patient is monitored, even if the decrease in food intake and weight values is expected.
In addition, we used GEE modeling to estimate not only the effects of treatment time points on dietary
intake, but also the contribution of ONS on nutrient intake. Besides the lack of studies on dietary
intake and HNC in the literature, there is also no data on the prevalence of inadequacy. These data are
important to assess whether the amounts of micronutrients ingested are sufficient. This can contribute
to an adequate nutritional approach and may reduce the risk of adverse health outcomes in these
patients, since, as evidenced in this study, even having increased the intake of micronutrients with
ONS use, patients consumed micronutrients in quantities below the recommendation. Furthermore,
to the best of our knowledge, no study has adjusted for intra-individual variability of values related
to energy and nutrient consumption in order to better estimate individual intake, as suggested by
Nusser et al. [29]; nor have they adjusted for the total energy of the sample by the residual method
due to the association between energy and most nutrients, as recommended in the literature [30].
Thus, the studies that evaluated the food intake of patients with HNC have not performed these
necessary analyses.

As symptoms presented by HNC patients such as xerostomia, dysgeusia, dysphagia, mucositis,
and thick saliva [36,37] can limit oral intake [22] and lead to changes in food consistency, our results
for macronutrients were expected. A lower macronutrient intake is expected when patients opt for
pasty, liquid, or mild food [9], impacting in particular fiber content. Additionally, an increase in intake
of soup and foods prepared with milk has been reported [10,36]. The same decreased intake seem in
studies that assessed the dietary intake in the long-term (at diagnosis, post treatment, and follow-up)
have found a reduction in energy and protein intake in HNC patients [7,22]. Adequate protein intake
can minimize the severity of oral mucositis in patients with HNC undergoing RT due to the ability of
protein to maintain integrity or repair mucosal lesions [38]. On the other hand, a low protein intake
can increase the risk of fatigue and mortality in advanced cancer patients undergoing CT [39].

Cancer patients present impaired macronutrient metabolism due to systemic inflammation,
which can lead to altered protein turnover, loss of fat and muscle mass, increased production of
acute phase proteins, insulin resistance, glucose intolerance, and increase or maintenance of lipid
oxidation capacity [33]. Therefore, impairment of these metabolic pathways has a negative effect
on clinical outcome and macronutrients are needed for bodily maintenance and better response to
treatment. However, in this study, although patients who used ONS consumed more protein than those
who did not, protein intake in grams presented a higher percentage of inadequacy at T1. Therefore,
nutritional intervention with complete assessment is extremely important to make changes in the
diet of these patients, avoiding recommendations directed only at increasing energy and protein
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intake without assessing food quality. Furthermore, it is also important to assess the amount ingested
and not only the use or not of ONS, or indicate its use without providing guidance to patients,
because, depending on the severity and if the ONS does not have the amount of proteins necessary to
minimize the impacts, protein modules can be used in order to achieve nutritional requirements as
soon as possible.

Unlike macronutrients, the mean intake of micronutrients increased over the duration of treatment.
This suggests that ONS may have been determinant in increasing micronutrient intake, although not
at a high enough level to ensure adequacy. A high prevalence of energy and nutrient inadequacy
was observed despite ONS use, mainly for calcium, magnesium, and vitamin B6. This reveals that
HNC patients require nutritional intervention with a special attention to the quantification of food
intake in order to estimate possible deficits and achieve adequate levels of macro- and micronutrients
through prophylactic ONS prescription. Previous studies have highlighted the importance of vitamin
B6 as a protective factor against the development of cancer [40], antioxidant effects [41], and increased
immune response [42].

In addition, magnesium participates in energy metabolism, protein synthesis, and plays
an important physiological role in organs such as the brain and heart [43]. In relation to low
micronutrient intake, there is a high prevalence of vitamin D deficiency among HNC patients [44].
This deficiency has been linked to an increased risk of postoperative hypocalcemia in patients
undergoing total thyroidectomy [45]. Low levels of calcium, vitamin E, and folate intake were also
found in patients with HNC [10,44]. So, while adequate levels of some micronutrients can be obtained
from a healthy diet, inadequate dietary intake of others can lead to negative health consequences.

Moreover, our study also showed an increase in ONS usage by time points. In other words,
ONS complements other food intake, being an alternative route to achieving the recommended levels
of micronutrient intake [10]. Recent studies have shown less CRT-related toxicity, better weight
maintenance, and tolerance to treatment with nutritional counseling using ONS [15,19,46].

Although micronutrient intake and ONS use increased during treatment, the number of
malnourished patients also increased and overweight patients decreased between time points. Thus,
a decrease in BMI and an increase in malnutrition led to more ONS prescription and to more frequent
use, since these patients do not use ONS prophylactically. This situation may be due to late diagnosis
or advanced age as well as low dietary intake and treatment side effects.

According to the ESPEN guidelines, nutritional intervention including ONS provision is
recommended to ensure adequate dietary intake, prevent weight loss, and avoid treatment
discontinuation in HNC patients [33]. However, as previously mentioned, the majority of patients did
not receive nutritional counseling at the beginning of treatment and approximately one third did not
receive it at any time point. Thus, nutritional interventions through individualized dietary counseling
can positively influence long-term outcomes related to quality of life and nutritional status [14,21,47].

Similar to other studies [15,16,19], we observed that those who used ONS showed less
weight loss (except of the overweight) and consumed more protein (0.14 g/kg/day). Additionally,
malnourished patients lost less weight, while overweight patients lost more weight, showing that
the initial BMI defines the BWC. An additional finding was an accumulated deficit of weight loss
that was found before the start of treatment. Corroborating these findings, Orell et al. [16] found that
overweight patients lost more weight due to symptoms such as anorexia and nausea. According to the
Aspen Guideline [48], critically ill patients with obesity have greater complications when compared
to patients with normal weight classified by BMI and have an indication for assessment and early
nutritional support. These results are important because they show that there is a significant cumulative
weight loss before treatment and that overweight patients may lose more weight not only due to the
presence of the disease and the symptoms presented, but also because they are not receiving nutritional
counseling according to their needs. Therefore, more attention should be given to overweight patients,
since they are often neglected and have been little explored by studies, despite presenting more mass
and worse deficit.
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Thus, this study showed how much macronutrient intake decreased during treatment and
that, even consuming ONS, micronutrient intake is below that recommended. Furthermore, it also
demonstrated that the patients suffered negative mean BWC and the overweight patients had the
highest accumulated weight deficit. This reinforces the importance of following the Guidelines for
HNC patients [13] in which they guide the weekly consultation with a dietitian during treatment
to obtain better results. Therefore, we strongly recommend that dietary counseling consultations
are routinely provided following cancer diagnosis in order to carry out more specific nutritional
orientations such as food recipes fortified with ONS, which will improve caloric intake and maintain
adequate intake, avoiding a deficit in nutrient consumption that will cause weight loss and increases
in malnutrition, thereby helping the recovery of HNC patients.

This study has some limitations. 24HR was used, and although it is the most accurate tool for
dietary intake analysis, it may present a memory bias because it depends on an individual’s ability
to accurately recall their food intake. However, in order to minimize this limitation, interviews were
conducted by trained dietitians and there was standardization at the time point of collection of 24HR
as well as the use of the multiple pass method and typing in order to obtain more reliable results.
Moreover, nutrient intake was adjusted for intra-individual variability and for energy intake in order
to present intake estimates as precisely as possible. Finally, we did not separate ONS from enteral
nutrition because there was no difference in consumption. Therefore, what was consumed in both
systems was evaluated.

The study also has strengths. It evaluates the short-term impact on dietary intake, which is during
treatment, and assesses the prevalence of inadequate micronutrient intake. This is clinically important
since we can minimize negative health outcomes such as malnutrition, delay in post-treatment recovery,
longer convalescence, and other long-term impacts such as decreased quality of life and mortality.

5. Conclusions

Head and neck cancer patients showed energy and macronutrient intake decreased at the middle
of treatment and the increased micronutrient intake due to ONS use. Despite this, the prevalence
of inadequate energy and nutrient intake, particularly for calcium, magnesium, and vitamin B6
was high in all time points even with ONS use, but proved worse for those who did not use ONS.
Furthermore, overweight patients suffered a higher weight accumulated deficit compared to other
BMI categories. Patients on ONS showed a lower weight deficit. Therefore, we strongly recommend
initiating nutritional counseling from diagnosis to optimize macronutrient intake in conjunction with
prophylactic ONS prescription to adjust micronutrient intake and minimize the weight loss, making it
possible to prevent worse prognosis and nutritional status.

Author Contributions: Conceptualization, I.B.F., E.d.N.S.L., Y.C.d.P.M., and G.d.G.P.; Formal analysis, I.B.F.,
E.N.S.L., C.A.G., Y.C.d.P.M., and G.d.G.P.; Investigation, I.B.F and E.N.S.L.; Writing—original draft preparation,
I.B.F., E.N.S.L., P.P.L.C., C.A.G., Y.C.d.P.M., and G.d.G.P.; Writing—review and editing, I.B.F., E.N.S.L., P.P.L.C.,
C.A.G., Y.C.d.P.M., and G.d.G.P.; Visualization, I.B.F. All authors have read and agreed to the published version of
the manuscript.

Funding: This research received no external funding.

Acknowledgments: We are grateful to all volunteers who participated in this study. We also would like to thank
the Coordination of Improvement of Higher Education Personnel (Coordenação de Aperfeiçoamento de Pessoal
de Nível Superior (CAPES), Brazil for their support with the publishing fee.

Conflicts of Interest: The authors declare no conflict of interest.



Nutrients 2020, 12, 2516 18 of 20

References

1. Wild, C. World Health Organization World Cancer Report 2014 (ePUB); World Health Organization: Geneva,
Switzerland, 2014; Volume 7, pp. 418–419. [CrossRef]

2. Dechaphunkul, T.; Martin, L.; Alberda, C.; Olson, K.; Baracos, V.; Gramlich, L. Malnutrition assessment in
patients with cancers of the head and neck: A call to action and consensus. Crit. Rev. Oncol. Hematol. 2013,
88, 459–476. [CrossRef] [PubMed]

3. Bressan, V.; Stevanin, S.; Bianchi, M.; Aleo, G.; Bagnasco, A.; Sasso, L. The effects of swallowing disorders,
dysgeusia, oral mucositis and xerostomia on nutritional status, oral intake and weight loss in head and neck
cancer patients: A systematic review. Cancer Treat. Rev. 2016, 45, 105–119. [CrossRef] [PubMed]

4. García-Peris, P.; Parón, L.; Velasco, C.; de la Cuerda, C.; Camblor, M.; Bretón, I.; Herencia, H.; Verdaguer, J.;
Navarro, C.; Clave, P. Long-term prevalence of oropharyngeal dysphagia in head and neck cancer patients:
Impact on quality of life. Clin. Nutr. 2007, 26, 710–717. [CrossRef] [PubMed]

5. Kenway, N.; Leung, S.F.; Johnson, P.J.; Woo, J. Nutritional Consequences of Radiotherapy in Nasopharynx
Cancer Patients. Nutr. Cancer 2004, 37–41. [CrossRef]

6. Langius, J.A.E.; Kruizenga, H.M.; Uitdehaag, B.M.J.; Langendijk, J.A.; Doornaert, P.; Leemans, C.R.;
Weijs, P.J.M. Resting energy expenditure in head and neck cancer patients before and during radiotherapy.
Clin. Nutr. 2012, 31, 549–554. [CrossRef]

7. van den Berg, M.G.A.; Rasmussen-Conrad, E.L.; Gwasara, G.M.; Krabbe, P.F.M.; Naber, A.H.J.; Merkx, M.A.
A prospective study on weight loss and energy intake in patients with head and neck cancer, during diagnosis,
treatment and revalidation. Clin. Nutr. 2006, 25, 765–772. [CrossRef]

8. Marshall, K.M.; Loeliger, J.; Nolte, L.; Kelaart, A.; Kiss, N.K. Prevalence of malnutrition and impact on clinical
outcomes in cancer services: A comparison of two time points. Clin. Nutr. 2018, 1–8. [CrossRef]

9. Chavoni, R.; Silva, P.; Ramos, G. Diagnóstico nutricional de pacientes do serviço de cabeça e pescoço e sua
relação com a disfagia em um hospital oncológico do Paraná. Rev. Bras. Cir. Cabeça Pescoço 2014, 43, 35–41.

10. Nejatinamini, S.; Kubrak, C.; Álvarez-Camacho, M.; Baracos, V.E.; Ghosh, S.; Wismer, W.V.; Mazurak, V.C.
Head and Neck Cancer Patients Do Not Meet Recommended Intakes of Micronutrients without Consuming
Fortified Products. Nutr. Cancer 2018, 70, 474–482. [CrossRef]

11. Medeiras, F.P.P.; Martinez, C.E.; Cardoso, S.D.S. Estado Nutricional E Ingestão Alimentar De Pacientes
Com Câncer De Cabeça E Pescoço Submetidos a Tratamento Oncológico. Arq. Ciências Saúde 2016, 23, 43.
[CrossRef]

12. Kennedy, D.O. B vitamins and the brain: Mechanisms, dose and efficacy—A review. Nutrients 2016, 8, 68.
[CrossRef] [PubMed]

13. Talwar, B.; Donnelly, R.; Skelly, R.; Donaldson, M. Nutritional management in head and neck cancer:
United Kingdom National Multidisciplinary Guidelines. J. Laryngol. Otol. 2016, 130, S32–S40. [CrossRef]
[PubMed]

14. Ravasco, P.; Monteiro-Grillo, I.; Vidal, P.M.; Camilo, M.E. Impact of nutrition on outcome: A prospective
randomized controlled trial in patients with head and neck cancer undergoing radiotherapy. Head Neck 2005,
27, 659–668. [CrossRef] [PubMed]

15. Yang, Y.C.; Lee, M.S.; Cheng, H.L.; Chou, H.Y.; Chan, L.C. More Frequent Nutrition Counseling Limits
Weight Loss and Improves Energy Intake During Oncology Management: A Longitudinal Inpatient Study in
Taiwan. Nutr. Cancer 2019, 71, 452–460. [CrossRef]

16. Orell, H.; Schwab, U.; Saarilahti, K.; Österlund, P.; Ravasco, P.; Mäkitie, A. Nutritional counseling for head
and neck cancer patients undergoing (chemo) radiotherapy—A prospective randomized trial. Front. Nutr.
2019, 6. [CrossRef]

17. Kang, W.-X.; Li, W.; Huang, S.-G.; Dang, Y.; Gao, H. Effects of nutritional intervention in head and neck
cancer patients undergoing radiotherapy: A prospective randomized clinical trial. Mol. Clin. Oncol. 2016, 5,
279–282. [CrossRef]

18. Van Den Berg, M.G.A.; Rasmussen-Conrad, E.L.; Wei, K.H.; Lintz-Luidens, H.; Kaanders, J.H.A.M.;
Merkx, M.A.W. Comparison of the effect of individual dietary counselling and of standard nutritional care on
weight loss in patients with head and neck cancer undergoing radiotherapy. Br. J. Nutr. 2010, 104, 872–877.
[CrossRef]

http://dx.doi.org/10.3945/an.116.012211
http://dx.doi.org/10.1016/j.critrevonc.2013.06.003
http://www.ncbi.nlm.nih.gov/pubmed/23830808
http://dx.doi.org/10.1016/j.ctrv.2016.03.006
http://www.ncbi.nlm.nih.gov/pubmed/27010487
http://dx.doi.org/10.1016/j.clnu.2007.08.006
http://www.ncbi.nlm.nih.gov/pubmed/17954003
http://dx.doi.org/10.1207/s15327914nc4902
http://dx.doi.org/10.1016/j.clnu.2011.12.009
http://dx.doi.org/10.1016/j.clnu.2005.12.007
http://dx.doi.org/10.1016/j.clnu.2018.04.007
http://dx.doi.org/10.1080/01635581.2018.1445767
http://dx.doi.org/10.17696/2318-3691.23.4.2016.480
http://dx.doi.org/10.3390/nu8020068
http://www.ncbi.nlm.nih.gov/pubmed/26828517
http://dx.doi.org/10.1017/S0022215116000402
http://www.ncbi.nlm.nih.gov/pubmed/27841109
http://dx.doi.org/10.1002/hed.20221
http://www.ncbi.nlm.nih.gov/pubmed/15920748
http://dx.doi.org/10.1080/01635581.2018.1516791
http://dx.doi.org/10.3389/fnut.2019.00022
http://dx.doi.org/10.3892/mco.2016.943
http://dx.doi.org/10.1017/S0007114510001315


Nutrients 2020, 12, 2516 19 of 20

19. Cereda, E.; Cappello, S.; Colombo, S.; Klersy, C.; Imarisio, I.; Turri, A.; Caraccia, M.; Borioli, V.; Monaco, T.;
Benazzo, M.; et al. Nutritional counseling with or without systematic use of oral nutritional supplements in
head and neck cancer patients undergoing radiotherapy. Radiother. Oncol. 2017, 126, 81–88. [CrossRef]

20. Brown, T.; Ross, L.; Jones, L.; Hughes, B.; Banks, M. Nutrition outcomes following implementation of
validated swallowing and nutrition guidelines for patients with head and neck cancer. Support. Care Cancer
2014, 22, 2381–2391. [CrossRef]

21. Langius, J.A.E.; Zandbergen, M.C.; Eerenstein, S.E.J.; van Tulder, M.W.; Leemans, C.R.; Kramer, M.H.H.;
Weijs, P.J.M. Effect of nutritional interventions on nutritional status, quality of life and mortality in patients
with head and neck cancer receiving (chemo)radiotherapy: A systematic review. Clin. Nutr. 2013, 32,
671–678. [CrossRef]

22. Arribas, L.; Hurtós, L.; Taberna, M.; Peiró, I.; Vilajosana, E.; Lozano, A.; Vazquez, S.; Mesia, R.; Virgili, N.
Nutritional changes in patients with locally advanced head and neck cancer during treatment. Oral Oncol.
2017, 71, 67–74. [CrossRef] [PubMed]

23. WMA World Medical Association. Declaration of Helsinki: Ethical Principles for Medical Research Involving
Human Subjects. Bull. World Health Organ. 2001, 79, 373.

24. Chafidz, A.; Kaavessina, M.; Al-Zahrani, S.; Al-Otaibi, M.N. AJCC Cancer Stating Manual, 7th edition.
American Joint Committee on Cancer. Available online: https://cancerstaging.org/references-tools/
deskreferences/pages/default.aspx (accessed on 1 January 2018).

25. World Health Organization. Physical Status: The use and interpretation of anthropometry. In Report of a WHO
Expert Committee; WHO Technical Report Series 854; WHO: Geneva, Switzerland, 1995; Available online:
https://apps.who.int/iris/handle/10665/37003 (accessed on 2 January 2016).

26. Moshfegh, A.J.; Rhodes, D.G.; Baer, D.J.; Murayi, T.; Clemens, J.C.; Rumpler, W.V.; Paul, D.R.; Sebastian, R.S.;
Kuczynski, K.J.; Ingwersen, L.A.; et al. The US Department of Agriculture Automated Multiple-Pass Method
reduces bias in the collection of energy intakes. Am. J. Clin. Nutr. 2008, 88, 324–332. [CrossRef]

27. Universidade Estadual de Campinas. TACO Tabela Brasileira de Composição de Alimentos; Universidade
Estadual de Campinas: Campinas, Brazil, 2011. [CrossRef]

28. USDA United States Dietetic Association. Dietary Guidelines for Americans; US Department of Health and
Human Services, US Department of Agriculture: Davis, CA, USA, 2010. [CrossRef]

29. Nusser, S.; Carriquiry, A.; Dodd, K.; Fuller, W. A semiparametric transformation approach to estimating
usual daily intake distributions. J. Am. Stat. Assoc. 1996, 91, 1440–1449. [CrossRef]

30. Willett, W.; Howe, G.; Kushi, L. Adjustment for total energy intake in epidemiologic studies. Am. J. Clin. Nutr.
1997, 65, 1220S–1228S. [CrossRef] [PubMed]

31. Beaton, G.H. Approaches to analysis of dietary data: Relationship between planned analyses and choice of
metodology. Am. J. Clin. Nutr. 1994, 59, 253S–261S. [CrossRef]

32. IOM Institute of Medicine. Dietary Reference Intakes: Applications in Dietary Planning; 2003; The National
Academies Press: Washington, DC, USA.

33. Arends, J.; Bachmann, P.; Baracos, V.; Barthelemy, N.; Bertz, H.; Bozzetti, F.; Fearon, K.; Hütterer, E.;
Isenring, E.; Kaasa, S.; et al. ESPEN guidelines on nutrition in cancer patients. Clin. Nutr. 2017, 36, 11–48.
[CrossRef]

34. FAO, Food and Agriculture Organization of the United Nations. Fats and Fatty Acids in Human Nutrition:
Report of an Expert Consultation; FAO Food and Nutrition Paper 91; FAO: Rome, Italy, 2010; Volume 91,
ISBN 9789251067338.

35. Wang, Y.G.; Fu, L. Selection of working correlation structure in generalized estimating equations. Stat. Med.
2017, 36, 2206–2219. [CrossRef]

36. Álvarez-Camacho, M.; Martínez-Michel, L.; Gonella, S.; Scrimger, R.A.; Chu, K.P.; Wismer, W.V.
Physical symptom burden of post-treatment head and neck cancer patients influences their characterization
of food: Findings of a repertory grid study. Eur. J. Oncol. Nurs. 2016, 22, 54–62. [CrossRef]

37. Moroney, L.B.; Helios, J.; Ward, E.C.; Crombie, J.; Pelecanos, A.; Burns, C.L.; Spurgin, A.L.; Blake, C.; Kenny, L.;
Chua, B.; et al. Helical intensity-modulated radiotherapy with concurrent chemotherapy for oropharyngeal
squamous cell carcinoma: A prospective investigation of acute swallowing and toxicity patterns. Head Neck
2018, 40, 1955–1966. [CrossRef]

http://dx.doi.org/10.1016/j.radonc.2017.10.015
http://dx.doi.org/10.1007/s00520-014-2180-9
http://dx.doi.org/10.1016/j.clnu.2013.06.012
http://dx.doi.org/10.1016/j.oraloncology.2017.06.003
http://www.ncbi.nlm.nih.gov/pubmed/28688694
https://cancerstaging.org/references-tools/deskreferences/pages/default.aspx
https://cancerstaging.org/references-tools/deskreferences/pages/default.aspx
https://apps.who.int/iris/handle/10665/37003
http://dx.doi.org/10.1093/ajcn/88.2.324
http://dx.doi.org/10.1002/(SICI)1096-9861(19980713)396:43.0.CO;2-
http://dx.doi.org/10.1007/s11883-011-0205-0
http://dx.doi.org/10.1080/01621459.1996.10476712
http://dx.doi.org/10.1093/ajcn/65.4.1220S
http://www.ncbi.nlm.nih.gov/pubmed/9094926
http://dx.doi.org/10.1093/ajcn/59.1.253S
http://dx.doi.org/10.1016/j.clnu.2016.07.015
http://dx.doi.org/10.1002/sim.7262
http://dx.doi.org/10.1016/j.ejon.2016.03.008
http://dx.doi.org/10.1002/hed.25182


Nutrients 2020, 12, 2516 20 of 20

38. Zahn, K.; Wong, G.; Bedrick, E.; Poston, D.; Schroeder, T.; JE, B. Relationship of protein and calorie intake to
the severity of oral mucositis in patients with head and neck cancer receiving radiation therapy. Head Neck
2012, 34, 655–662. [CrossRef] [PubMed]

39. Stobäus, N.; Müller, M.J.; Küpferling, S.; Schulzke, J.D.; Norman, K. Low Recent Protein Intake Predicts
Cancer-Related Fatigue and Increased Mortality in Patients with Advanced Tumor Disease Undergoing
Chemotherapy. Nutr. Cancer 2015, 67, 818–824. [CrossRef] [PubMed]

40. Larsson, S.C.; Orsini, N.; Wolk, A. Vitamin B6 and Risk of Colorectal Cancer: A Meta-Analysis of Prospective
Studies. JAMA 2010, 303, 1077. [CrossRef] [PubMed]

41. Merigliano, C.; Mascolo, E.; Burla, R.; Saggio, I.; Vernì, F. The Relationship between Vitamin B6, Diabetes and
Cancer. Front. Genet. 2018, 9, 1–5. [CrossRef]

42. Sujol, G.; Docquier, A.; Boulahtouf, A.; Castet-Nicolas, A.; Cavaillès, V. Vitamine B6 et cancer: Des données
cliniques aux mécanismes moléculaires. Bull. Cancer 2011, 98, 1201–1208. [CrossRef]

43. de Baaij, J.H.F.; Hoenderop, J.G.J.; Bindels, R.J.M. Magnesium in Man: Implications for Health and Disease.
Physiol. Rev. 2014, 95, 1–46. [CrossRef]

44. Nejatinamini, S.; Debenham, B.J.; Clugston, R.D.; Mawani, A.; Parliament, M.; Wismer, W.V.; Mazurak, V.C.
Poor vitamin status is associated with skeletal muscle loss and mucositis in head and neck cancer patients.
Nutrients 2018, 10, 1236. [CrossRef]

45. Alkhalili, E.; Ehrhart, M.; Ayoubieh, H.; Burge, M. Does pre-operative vitamin d deficiency predict
postoperative hypocalcemia after thyroidectomy? Endocr. Pract. 2017, 23, 5–9. [CrossRef]

46. Valentini, V.; Marazzi, F.; Bossola, M.; Miccichè, F.; Nardone, L.; Balducci, M.; Dinapoli, N.; Bonomo, P.;
Autorino, R.; Silipigni, S.; et al. Nutritional counselling and oral nutritional supplements in head and neck
cancer patients undergoing chemoradiotherapy. J. Hum. Nutr. Diet. 2012, 25, 201–208. [CrossRef]

47. Ravasco, P.; Monteiro Grillo, I.; Camilo, M. Cancer wasting and quality of life react to early individualized
nutritional counselling! Clin. Nutr. 2007, 26, 7–15. [CrossRef]

48. Choban, P.; Dickerson, R.; Malone, A.; Worthington, P.; Compher, C.A. Clinical guidelines: Nutrition support
of hospitalized adult patients with obesity. J. Parenter. Enter. Nutr. 2013, 37, 714–744. [CrossRef] [PubMed]

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1002/hed.21795
http://www.ncbi.nlm.nih.gov/pubmed/21692134
http://dx.doi.org/10.1080/01635581.2015.1040520
http://www.ncbi.nlm.nih.gov/pubmed/25996582
http://dx.doi.org/10.1001/jama.2010.263
http://www.ncbi.nlm.nih.gov/pubmed/20233826
http://dx.doi.org/10.3389/fgene.2018.00388
http://dx.doi.org/10.1684/bdc.2011.1458
http://dx.doi.org/10.1152/physrev.00012.2014
http://dx.doi.org/10.3390/nu10091236
http://dx.doi.org/10.4158/EP161411.OR
http://dx.doi.org/10.1111/j.1365-277X.2011.01220.x
http://dx.doi.org/10.1016/j.clnu.2006.10.005
http://dx.doi.org/10.1177/0148607113499374
http://www.ncbi.nlm.nih.gov/pubmed/23976769
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Study Design and Ethical Aspects 
	Sample Size and Eligibility Criteria 
	Demographic, Clinical, and Nutritional Assessment 
	Dietary Assessment 
	Statistical Analyses 

	Results 
	Discussion 
	Conclusions 
	References

