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ARTICLE INFO ABSTRACT

Keywords: Purpose: Weight loss is a multifactorial condition that commonly affects patients receiving radiotherapy for head
Head and neck cancer and neck cancers. The aims of this study were to 1) describe body weight changes over time in patients receiving
Radiotherapy radiotherapy for head and neck cancers and 2) explore the influence of pretreatment weight loss, body mass
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index (BMI) category, symptom burden, mucositis, and nutritional support on body weight changes over time.
Methods: Using a longitudinal design, this study investigated a consecutive cohort of head and neck cancer
patients who were treated with radiotherapy between January 2015 to January 2016 in a Taiwan medical center
(n = 128). Data regarding symptom burden, mucositis severity, and body weight were collected before radio-
therapy (T1), one month after the initial radiotherapy (T2), at the completion of radiotherapy (T3), and one
month after the completion of radiotherapy (T4).

Results: On average, the participants’ body weight decreased by 3.09kg (SD = 2.79) from T1 to T2, 1.72kg
(SD = 2.06) from T2 to T3, and continued to decrease by 1.04 kg (SD = 2.87) from T3 to T4. The results of a
generalized estimating equation showed that BMI category, symptom burden, mucositis, and nutritional support
were directly and independently related to body weight changes over time in patients with head and neck
cancers.

Conclusions: Head and neck cancer patients experience significant weight loss during and after radiotherapy.
The study findings are relevant for assessing nutritional status and providing necessary support measures at
critical moments for patients treated with radiotherapy.

1. Introduction WL is a prevalent problem among patients receiving RT for HNCs
(Nourissat et al., 2012; Ottosson et al., 2013). Up to 51% of patients

Head and neck cancer (HNC) is the seventh most common malig- lose more than 5% of their body weight (BW) during a course of

nant tumor in the world, with more than 800,000 new diagnoses in
2018 (Bray et al., 2018). Patients with HNCs represent a group that
experience substantial weight loss (WL) during and after treatment
(Ottosson et al., 2013). The tumor itself may hinder the passage of the
bolus, causing swallowing problems (Schindler et al., 2015). Metabolic
changes can affect a patient's appetite and physical strength (Baxi et al.,
2016). Acute toxicity due to tissue damage in the treated area may
directly affect eating ability (Mallick et al., 2013; Peng et al., 2015).
Dysphagia and odynophagia secondary to radiotherapy (RT) related
mucositis or nausea, vomiting, and anorexia resulted from chemor-
adiotherapy (CRT) can further reduce caloric intake and compromise
nutritional status in patients with HNCs (Mallick et al., 2013).

RT is the core for treatment of HNCs (Marur and Forastiers, 2016).

curative RT (Ghadjar et al., 2015). WL not only can decrease the tol-
erance and response to treatment, but can also increase the risk of
adverse outcomes (Baxi et al., 2016). Critical WL, defined by > 5% WL
during RT, has been significantly associated with worse 5-year disease-
specific and overall survival rates in HNC patients (Langius et al.,
2013a). Considering the widespread prevalence of WL and its negative
impacts, timely identification and proper management is necessary. The
discovery of risk factors for WL will be helpful for identifying at-risk
persons and developing appropriate interventions.

WL in patients undergoing RT is a multifactorial process that in-
volves various tumor-, treatment-, toxicity-, and nutrition-related fac-
tors. Most previous investigations have focused on the influences of
demographics as well as tumor- and treatment-related factors on WL.
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The results of these previous investigations showed that WL was more
pronounced in HNC patients with tumors located in the oropharynx
(Ehrsson et al., 2012; Langius et al., 2016; Mallick et al., 2013; Ottosson
et al.,, 2013; Silander et al., 2013) and in those receiving adjuvant
concurrent CRT (Silander et al., 2013; Vangelov and Smee, 2017; Zhao
et al., 2015). However, the findings regarding the influences of age,
cancer stage, pretreatment WL, and the total dose of RT on WL are
inconsistent. Cancer stage was negatively associated with WL in some
studies (Baxi et al., 2016; Ehrsson et al., 2012; Langius et al., 2016;
Nourissat et al., 2012; Zhao et al., 2015) but not in others (Ghadjar
et al., 2015; Ottosson et al., 2013). The total dose of RT was found to be
related to WL in the Dawson et al. (2015) and Mallick et al. (2013)
studies, but no association was found in the Nourissat et al. (2012)
study. Ottosson et al. (2013) examined the influences of different RT
regimens on WL and found no significant difference.

Both pretreatment WL and body mass index (BMI) have also been
linked to WL during RT in HNC patients. However, the findings from
previous studies are inconclusive. Some patients with significant pre-
treatment WL were found to have a greater risk for WL (Beaver et al.,
2001), some a lower risk for WL (Brown et al., 2014), and some were
not found to be related to WL during RT (Langius et al., 2016). Re-
garding BMI, most investigators found that patients with a higher BMI
prior to RT experienced greater WL during treatment (Baxi et al., 2016;
Lonbro et al., 2016; Ottosson et al., 2013; Silander et al., 2013; Wallace
et al., 2018; Zhao et al., 2015), and only a few others found no sig-
nificant association between preradiotherapy (pre-RT) BMI and WL
during treatment (Dawson et al., 2015).

A high number of HNC patients develop radiotherapy-related acute
toxicities, such as dysphagia, trismus, altered taste, dry mouth, pain,
nausea, and vomiting. These symptoms can affect individuals’ food
intake and contribute to WL (Baxi et al., 2016; Bressan et al., 2016).
Furthermore, the total symptom burden is an important risk factor for
WL in HNC patients. Farhangfar et al. (2014) investigated 635 HNC
patients and found that the aggregate symptom index from 17 targeted
symptoms was a significant predictor of WL (OR = 1.04;
CI = 1.02-1.08, P < 0.001). For every 1-point increase in the total
symptom index, weight loss increased by 4%. The individual symptoms
significantly associated with reduced dietary intake were difficulty
chewing, dry mouth, thick saliva, loss of appetite, and pain. Kubrak
et al. (2013) also found that decreases in pain, difficulty swallowing,
mucositis, dry mouth and appetite during radiotherapy could predict
postradiotherapy WL. The impacts of symptom burden on WL in pa-
tients receiving RT for HNCs deserve further investigation.

Oral mucositis is one of the most prominent radiotherapy-related
side effects and can have a severe impact on individual nutritional
status (Baxi et al., 2016). Oral mucositis has been a focus of interest in
HNC patients in terms of WL. Most previous studies show that the more
severe the oral mucositis is, the more obvious the WL during RT will be
(Cacicedo et al., 2014; Nourissat et al., 2012; Ottosson et al., 2013).

Nutritional support is an important part of cancer treatment and
helps patients maintain body weight (BW). Personalized nutrition plans
are usually developed for HNC patients during RT to ensure adequate
caloric intake and maintain BW. For patients with severe mucositis or
dysphagia, enteral feeding may be administered through a nasogastric
tube or a percutaneous gastrostomy tube. However, the starting time of
enteral feeding varies among patients. Some patients may have a na-
sogastric tube or a percutaneous gastrostomy tube placed prior to RT to
prevent malnutrition. Furthermore, some patients may start enteral
feeding at any time point during the course of RT in response to their
nutritional status. Other patients may take in food by mouth during the
entire course of RT. These differences in nutritional support may affect
BW changes during RT. However, only a few studies have investigated
the effects of timing and the types of nutritional support for WL in
patients receiving RT for HNCs, and the results are inconsistent (Wang
et al., 2014).

In short, various individual-, tumor-, treatment-, toxicity-, and
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nutrition-related factors contribute to WL in HNC patients during RT.
Most previous studies have focused on less modifiable individual-,
tumor-, and treatment-related factors as the influences of pretreatment
WL, BMI category, symptom burden, mucositis, and nutritional support
on WL over the course of RT are indeterminate in patients with HNCs.
Additionally, in most of these studies, BW was measured both before
and after the course of RT, and information regarding how BW changed
over time was lacking (Dawson et al., 2015; Ghadjar et al., 2015;
Langius et al., 2016; Nourissat et al., 2012; Platek et al., 2013). This
information is essential for nutritional assessment and providing ne-
cessary support measures at critical moments. Hence, this study aimed
to prospectively investigate the influences of pre-RT BMI, symptom
burden, mucositis, and nutritional support on weight change over time
in patients receiving RT for HNCs.

2. Methods
2.1. Study design

The study was based on a longitudinal descriptive design. The
purposes of this study were to 1) describe BW changes over time in
patients receiving RT for HNCs and 2) explore the influence of pre-
treatment WL, BMI category, symptom burden, mucositis, and nutri-
tional support on weight changes over time after controlling for de-
mographic and clinical variables. Ethics approval for this study was
obtained from the Taipei Veteran Hospital Institutional Review Board
(IRB No. 2014-10-008CQC).

2.2. Participant recruitment

This study investigated a consecutive cohort of HNC patients who
were treated with RT between January 2015 to January 2016 from
otolaryngology wards in a medical center in Taiwan (n = 128).
Volunteers who met the following eligibility criteria were recruited: (1)
diagnosed with HNCs, (2) scheduled for the first RT, (3) 20 years of age
or older (the age of majority in Taiwan), and (4) able to read or com-
municate verbally. Potential participants were excluded if they (1) had
other cancers in addition to HNCs, (2) had distant metastasis, or (3)
were cognitively impaired. The sample size was estimated using
G*power software (version 3.1) (Faul et al., 2007) with four repeated
measures, a within-factor design, a significance level of 0.05, a mod-
erate effect size (f = 0.15), correlations of 0.5, and a power of 80%. A
sample size of 87 was required for analyzing BW changes over time. The
final population was composed of 101 patients. All participants re-
ceived written and verbal information about the study and gave written
consent.

2.3. Data collection and instruments

Each participant was asked to complete a self-report demographic
questionnaire. Data regarding disease variables, including the tumor
site, cancer stage, cancer treatments, RT type and dose, WL three
months prior to RT, timing of the start of enteral feeding, and comorbid
conditions were collected from the patients' charts. According to the
timing of the start of enteral tube feeding, patients were categorized
into three nutritional support groups: prophylactic tube feeding, re-
active tube feeding, and oral intake groups. Patients who had a per-
cutaneous endoscopic gastrostomy (PEG) tube inserted for feeding prior
to the beginning of RT were categorized as the prophylactic tube
feeding group. Those who had a PEG tube or nasogastric tube inserted
for feeding at any time point during the course of RT were categorized
as the reactive tube feeding group. Those who ate and drank by mouth
during the entire course of RT were categorized as the oral intake
group. The Charlson comorbidity index (CCI) (Charlson et al., 1987)
was used to represent the participants’ comorbidity severity. Data on 22
potential comorbid conditions were collected. A score of 1, 2, 3, or 6
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was allocated to each condition according to its associated mortality
risk. The total score of all the conditions represents the CCI, which
predicts one-year mortality (Hall et al., 2004).

Data regarding symptom burden, mucositis severity, and BW were
collected from each participant immediately before the first RT (T1),
one month after the start of RT (T2), at the completion of RT (about 6-7
weeks) (T3), and one month after the completion of RT (T4). BW and
mucositis severity were measured by a research nurse.

The National Comprehensive Cancer Network-Functional
Assessment of Cancer Therapy-Head and Neck Cancer Symptom Index-
22 (NFHNSI-22) (Pearman et al., 2013) was used to measure symptom
burden. The NFHNSI-22 is a brief symptom index to assess HCN-related
symptoms with a 7-day recall period. These 22 symptoms are categor-
ized as disease-related physical symptoms (11), disease-related emo-
tional symptoms (1), treatment-related side effect (7), and related to
general function and well-being (3). The scale was modified from the
Functional Assessment of Cancer Therapy-Head and Neck to reflect
symptom and side effect concerns of HCN patients and oncologists.
Items are scored on a 0-4 response scale, with answers ranging from
“Not at all” to “Very much so”. Items are reverse scored when appro-
priate to provide a scale in which higher scores represent lower
symptom burden. All items are summed to create a single index score
with a range from O to 88. The scale has shown an acceptable level of
reliability and validity in a study involving HNC populations (Pearman
et al., 2013). In the current study, Cronbach's alpha was .86, indicating
good internal consistency.

The WHO oral mucositis scale (WHO, 1979) was used to measure
mucositis severity with a possible grade of 0 to IV, according to its
anatomical, symptomatic, and functional components. The inter-ob-
server reliability was 0.98 in a previous study of oral cancer patients
(Chen et al., 2015). In the current study, four research nurses were
trained to measure mucositis severity in a standardized fashion, with an
inter-observer reliability of 0.97.

A digital electronic body-weight scale (Omron, model HBF-371) was
used to measure each participant's BW in kilograms. The scale was
calibrated by the Office of Metrology, Taipei City Government prior to
the study. The weight was measured with the patient's gown on but
without shoes, wallets, or other heavy accessories. Categories of
BMI < 20 kg/m?, 20-25kg/m? and > 25kg/m? were used for people
younger than 70, and categories of BMI < 22kg/m?, 22-27 kg/m?,
and > 27 kg/m? were used for people 70 or older as the cutoff points
for underweight, normal weight, and overweight, respectively (Vallén
et al., 2011).

2.4. Statistical analysis

Data were analyzed using the Statistical Package for Social Sciences
20.0 (SPSS, Inc., Chicago, IL, USA). Descriptive analyses were used to
describe the study variables. One-way analysis of variance (ANOVA)
was used to determine whether there were significant differences in BW
changes among different nutritional support groups. Generalized esti-
mating equations (GEEs) were used to analyze 1) the patients’ BW
changes over time and 2) the potential influence of the study variables
on BW changes over time.

3. Results

3.1. Demographic and clinical variables as well as pretreatment WL, BMI
category, and nutritional support

A total of 128 potentially eligible HNC patients were approached;
two patients refused to participate, and 22 patients did not meet the
eligibility criteria. A total of 104 participants enrolled in the study, but
three of them were lost to follow up. Data from the 101 participants
who completed the study were included in the analysis. Their average
age was 54.3 years (range, 28-86 years). The majority of them were
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Table 1
Demographics, clinical variables, pre-treatment weight loss, BMI category, and
nutritional support (N = 101).

Variables Frequency  Percentage
Gender Male 87 86.1
Female 14 139
Marital status Married 80 79.2
Devoiced or widowed 13 12.9
Single 8 7.9
Education level Elementary or below 18 17.8
Middle school 30 29.7
High school 28 27.7
College or above 25 24.8
Tumor site Nasopharynx 28 27.7
Hypopharynx 14 13.9
Oral cavity 37 36.6
Oropharynx 22 21.8
Cancer stage Torll 11 10.9
111 23 22.8
v 67 66.3
Cancer therapy RT 7 6.9
CCRT 47 46.5
CCRT after Surgery 47 46.5
Type of radiation IMRT 89 88.1
Tomography 12 11.9
Pre-treatment weight loss  none 27 26.7
<5% 45 44.6
5-10% 11 10.9
> 10% 18 17.8
BMI category Normal weight 48 47.5
Underweight 10 9.9
Overweight 43 42.6
Nutritional support Oral intake 60 59.4
Prophylactic tube feeding 18 17.8
Reactive tube feeding 23 22.8
Variables Mean SD Range
Age 54.3 10.8 28-86
RT fraction dose 205.1 6.2 200-220
RT total dose 6725.8 344.6 6000-7095
CCI 3.5 1.2 2-7

SD, standardized deviation, CCI, Charlson comorbidity index; BMI, body mass
index; BW, body weight; CCRT, Concurrent Chemo radiotherapy; RT, radiation
therapy; IMRT, intensity modulation radiation therapy.

male (86.1%), married (79.2%), and with a stage IV cancer (66.3%).
Most participants were treated with intensity modulation radiation
therapy (IMRT) (88.1%). The average RT fraction dose was 205.1 cGy
(range, 200-220 cGy) with an average total dose of 6725.8 cGy (range,
6000-7095 cGy). Most participants (71.3%) had no or less than 5%
pretreatment WL. The average BMI at baseline was 25.0 (SD = 4.1) and
only few participants (9.9%) were underweight. During RT, 60, 23, and
18 participants had oral intake, reactive tube feeding, and prophylactic
tube feeding, respectively (Table 1).

3.2. Symptom burden and grades of mucositis measured at different time
points

The mean symptom index was 69.35 (SD = 12.5), 46.79
(SD = 12.73), 41.10 (SD = 13.51), and 58.91 (SD = 15.11) measured
at T1, T2, T3, and T4, respectively. The majority of participants' mu-
cositis severity was grade 0 (90.1%) at T1, grades II (32.7%) to III
(31.7%) at T2, grade III (49.5%) at T3, and grades 0 (38.6%) to I
(28.7%) at T4 (Table 2). These results suggest that the participants’
symptom burden and mucositis severity gradually increased from T1 to
T3 and then decreased from T3 to T4.

3.3. Body weight changes over time

The participants' average BW was 69.36 kg (SD = 13.23), 66.27
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Table 2
Body weight, symptom burden, and grades of mucositis and measured at dif-
ferent time points (N = 101).
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Table 4
Parameters of the generalized linear model for exploring the potential influ-
ences of the study variables on body weight change over time (N = 101).

Variables Time Mean SD Range
Body weight (kg) T1 69.36 13.23 42.9-115.6
T2 66.27 12.04 41.2-106.6
T3 64.54 11.85 37.2-107.2
T4 63.41 10.71 39.4-95.4
Symptom burden T1 69.35 12.50 38-88
T2 46.79 12.73 10-78
T3 41.10 13.51 11-80
T4 58.91 15.11 25-87
Time Grade Frequency Percentage
Mucositis T1 0 91 90.1
I 8 7.9
I 2 2.0
111 0 0
I\ 0 0
T2 0 3 3.0
I 23 22.8
I 33 32.7
111 32 31.7
v 10 9.9
T3 0 0 0
I 4 4.0
I 28 27.7
11 50 49.5
I\ 19 18.8
T4 0 39 38.6
I 29 28.7
I 23 22.8
111 9 8.9
v 1 1.0

SD, standardized deviation, T1, at the beginning of RT; T2, one month after RT
started; T3, the completion of RT; T4, one month after RT completed.

Table 3
Parameters of the generalized linear model for body weight change over time
(N =101).

Variables B SE 95% CI Wald X2 p

lower upper
Intercept 69.36 1.31 66.80 71.93 2802.57 < .001%**
T4 —5.96 .51 —6.96 —-4.95 134.08 < .001%**
T3 —4.82 .38 —5.56 —4.08 163.66 < .001%**
T2 -3.09 .28 —-3.63 —2.55 125.69 < .001%**
T1 Reference

Using generalized estimation equations for repeated measurements and an AR
(1) correlation structure.
*P < 0.05; **P < 0.01; ***P < 0.001.

(SD = 12.04), 64.54 (SD = 11.85), and 63.41 (SD = 10.71) measured
at T1, T2, T3, and T4, respectively (Table 2). On average, the partici-
pants achieved 6.7% (SD = 5.0%) WL during RT. Among the 101 par-
ticipants, 38 (37.6%) had less than 5% WL, 37 (36.6%) achieved
5%-10% WL, and 26 (25.7%) showed WL greater than 10%. The par-
ticipants' BWs continued to decrease after the completion of RT. From
T3 to T4, the participants' BWs decreased by 1.03 (SD = 2.86) kg, on
average, with a range of —11.8kg to 6.5kg. The GEE results showed a
statistically significant effect of time (p < 0.001), indicating sig-
nificant changes in BW over time (Table 3). For the parameter esti-
mates, the patients' BWs decreased by 3.09kg (p < 0.001) at T2,
4.82kg (p < 0.001) at T3, and 5.96kg (p < 0.001) at T4 from the
baseline BWs (Table 3). During the course of RT (from T1 to T3), the

Variables B SE 95% CI Wald X* p
Lower Upper
(Intercept) -56.26 27.34 —109.85 —2.67 4.23 .040*
Time (ref:T1)
T4 -.94 71 —-2.33 .45 1.75 .185
T3 31 .81 -1.27 1.89 .15 .701
T2 .10 .62 -1.12 1.32 .03 .870
Tumor site (ref: Nasopharynx)
Oropharynx -1.29 1.95 —-5.11 2.54 43 .510
Oral cavity -330 220 —7.60 1.01 2.25 113
Hypopharynx —2.87 1.89 —6.57 .82 2.32 128
Fraction dose -.05 11 -.27 .17 .22 .639
Height 78.90 10.76  57.80 99.99 53.72 <.001***
Pre-Treatment weight loss (ref: None)
> 10% .27 1.62 —2.90 3.44 .03 .866
> 5-10% -.86 1.77 —4.32 2.61 .23 .628
<5% .87 1.61 —2.28 4.02 .29 .588
BMI category (ref: Normal weight)
Overweight 14.97 1.44 12.14 17.79 107.82 <.001
Underweight -10.88 1.50 —13.81 —-7.94 52.80 <.001
Interaction
T4 * Overweight —3.09 .90 —4.85 —-1.33 11.84 .001%**
T4 * 1.79 1.01  -19 3.78 3.14 .076
Underweight
T3 * Overweight —1.50 071 —2.89 -10 4.41 .036*
T3 * .44 .93 —1.38 2.26 .23 .635
Underweight
T2 * Overweight —1.24 .53 —2.28 .21 5.56 .018*
T2 * .47 .74 -.98 1.91 .40 .525
Underweight
Symptom burden .05 .01 .03 .07 19.25 < .001%***
Mucositis (ref: Grade 0)
Grade 4 -1.20 .67 —2.50 11 3.24 .072
Grade 3 -119 .57 —2.30 -.08 4.37 .037*
Grade 2 -.59 41 —-1.40 .22 2.04 .153
Grade 1 -.58 .37 -1.31 .15 2.41 121
Nutritional support (ref: Prophylactic tube feeding)
Reactive tube -3.28 1.89 —7.00 .43 3.00 .083
feeding
Oral intake -199 178 —5.48 1.50 1.25 .263
Interaction
T4 * Reactive —3.98 1.21 —-3.45 —-1.62 10.88 .001%**
tube feeding
T4 * Oral intake —3.51 .87 -5.21 —-1.82 16.43 < .001%**
T3 * Reactive —2.86 .99 —4.80 -.93 8.42 .004+*
tube feeding
T3 * Oral intake —2.57 .86 —4.26 -.88 8.90 .003**
T2 * Reactive -153 .78 —3.05 -.00 3.86 .049*
tube feeding
T2 * Oral intake -.80 .72 -2.21 .62 1.22 .270

Using generalized estimation equations for repeated measurements and an AR
(1) correlation structure.
Ref, reference group, *P < 0.05; **P < 0.01; ***P < 0.001.

participants’ mean BWs decreased by 4.82 (SD = 3.81) kg, with a range
of —16.4kg to 3.3kg (Table 2).

3.4. Influence of the study variables on body weight changes over time

GEEs were used to analyze the univariate influence of demographic
variables (age, gender, education, marital status) and clinical variables
(tumor site, cancer stage, cancer therapy, radiation type, RT fraction
dose, RT total dose, CCI) on BW changes over time. The results show
that tumor site and RT fraction dose were significant influencing factors
of BW changes. Both variables were then entered as covariates in the
final GEE analysis for the influences of pretreatment WL, BMI category,
symptom burden, mucositis, and nutritional support on BW changes
over time.

The GEE results showed significant main effects of symptom burden,
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mucositis, BMI category, as well as interaction effects of BMI category
by time and nutritional support type by time on BW after controlling for
tumor site, RT fraction dose, height, and pretreatment WL (Table 4).
Patients with higher symptom burden had lower BWs. For every 1-point
decrease in the NFHNSI-22 score, BW decreased by 0.05 kg
(p < 0.001). Patients with grade III mucositis had 1.19 kg more WL
(p = 0.037) than patients without mucositis had. Compared to patient
with normal weight, the overweight group had 3.09 kg (p = 0.001),
1.50 kg (p = 0.036), and 1.24 kg (p = 0.018) extra weight loss from T1
to T4, T1 to T3, and T1 to T2, respectively, in addition to the difference
of 14.97 (p < 0.001) already recorded. The difference in BW between
the underweight group and patients with normal weight was significant
across all time points (B = —10.88, p < 0.001). However, the in-
teraction terms involving time and BMI category (T2*Underweight,
T3*Underweight, and T4*Underweight) were not significant. These
findings suggest no extra weight loss affect the underweight patients
during each point in time, in addition to the difference of 10.88 already
recorded.

In terms of the parameter estimates of nutritional support by time
interaction, WL in the reactive tube feeding group was 3.98kg
(p = 0.001), 2.86 kg (p = 0.004), and 1.53kg (p = 0.049) more than
that in the prophylactic tube feeding group from T1 to T4, T1 to T3, and
Tl to T2, respectively. WL in the oral intake group was 3.51kg
(p < 0.001) and 2.57 kg (p = 0.003) more than that in the prophy-
lactic tube feeding group from T1 to T4 and T1 to T3, respectively.
From T1 to T2, WL in the oral intake group was not significantly dif-
ferent from that in the prophylactic tube feeding group (Table 4).

4. Discussion

The results of the study supported that HNC patients are at in-
creased risk for WL while receiving RT. Similar to what was reported in
previous studies (Cacicedo et al., 2014; Dawson et al., 2015; Langius
et al., 2013b), we found that, on average, HNC patients lose 5.43
(SD = 3.63) kg during RT, which is approximately 6.7% (SD = 5.0%) of
their pre-RT BW. This WL was higher than that of other cancer patients.
In a prospective study, Cacicedo et al. (2014) found a mean weight loss
of 0.64 (SD = 2.39) kg during RT in patients with cancers other than
head and neck (n = 24) compared to (p = 0.028) a mean weight loss of
3.25 (SD = 5.30) kg in head and neck cancer patients (n = 50). In our
study, 25.7% of HNC patients had greater than 10% WL at the com-
pletion of RT compared to only 15% of HNC patients in the Dawson
et al. (2015) study. This finding may be attributable to the fact that only
17.8% of patients in our study but 62.5% of patients in the Dawson
et al. (2015) study received prophylactic percutaneous gastrostomy
feeding. At one month after the completion of RT, participants’ BWs
continued to decrease by 1.03 (SD = 2.86) kg, which was approxi-
mately 7.96% (SD = 6.25%) of their pre-RT BW. Ottosson et al. (2013)
reported that WL in patients with HNCs continued up to 5 months after
RT. Therefore, future studies may want to extend the follow-up time to
better explore WL and its risk factors in patients receiving RT for HNCs.

The results of GEE analysis showed significant main effects of
symptom burden, mucositis, and BMI category, and interaction effects
of BMI category by time and nutritional support type by time on BW.
These findings suggest that symptom burden, mucositis, BMI category,
and nutritional support type are important factors that influence WL
during RT. We found that patients with higher symptom burden had
lower BWs and patients with grade III mucositis had more WL than
patients without mucositis. These results support findings in previous
studies (Farhangfar et al., 2014; Ottosson et al., 2013) where HNC
patients with more severe disease-related symptoms or treatment side
effects, especially mucositis, experienced greater WL during RT.
Therefore, patients undergoing RT for HNC should be assessed regularly
and should be appropriately managed for disease-related symptoms and
acute treatment side effects, especially mucositis.

As for the BMI category, similar to what was reported in previous
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studies (Baxi et al., 2016; Lonbro et al., 2016; Ottosson et al., 2014), we
found overweight HNC patients experienced greater WL than normal
weight patients did. Compared to patients with normal weight, the
overweight group showed 3.09 kg more WL during the course of RT.
Although no extra weight loss affects the underweight patients during
each point in time as indicated by the insignificant interaction terms of
time and BMI category, the difference between the underweight and
normal weight group was significant across all time points. This ob-
servation has clinical relevance because the underweight are at a higher
risk of weight loss, and they may benefit more from the advantages of
prophylactic tube feeding.

We found that the prophylactic tube feeding group had the least WL
among the three nutritional support groups. The advantage of pro-
phylactic tube feeding is an important result. Although statistically
significant, the average differences (in kilograms), in comparison with
oral intake, was 2.57 in T3, and 3.51 in T4. These numbers may be too
small to justify recommending the prophylactic PEC tube feeding,
taking into consideration its higher cost and impact on the quality of
life. However, each kilogram lost has a higher proportional for under-
weight patients, and the prescription of a prophylactic tube feeding
may be advantageous. Results of previous studies (Lonbro et al., 2016;
Ottosson et al., 2013; Vangelov and Smee, 2017; McClelland III,
Andrews, Chaudhry, Teckie and Goenka, 2018) also support prophy-
lactic PEG tube feeding for preventing WL in patients receiving RT for
HNCs. However, most of these studies are observational. Additionally,
PEG has been associated with prolonged tube dependence and a higher
incidence of esophageal strictures (Langmore et al., 2012) and PEG may
not be an ideal prophylaxis for all patients. Therefore, randomized
clinical trials with rigorous designs are called for to better define the
roles of prophylactic PEG tube feeding in the maintenance of BW during
RT in HNC patients.

Similar to what was reported by Langius et al. (2016), we found no
significant influence of pretreatment WL on WL during RT. However,
significant pretreatment WL has also been associated with a relatively
higher risk (Beaver et al., 2001) or relatively lower risk (Brown et al.,
2014) of WL during RT in previous studies. These inconsistent results
indicate the complexity and variability of WL during RT.

This study had several limitations. First, the participants were re-
cruited from outpatient RT clinics and inpatient oral surgery or oto-
laryngology wards of a medical center and thus may vary from those
seen in other clinical settings. Thus, the study results may not be gen-
eralizable outside this sample population. Second, most study partici-
pants were treated with IMRT; therefore, the study results may not be
generalizable to patients treated with other types of radiation. Third,
we followed participants up to one-month post RT and found that they
were still losing weight. A longer duration of follow-up is needed to
examine the post RT impacts on BW. Finally, the influences of WL on
patients’ treatment outcomes were not examined. Future studies with a
longitudinal design and clinical outcome measures could further ex-
pand our knowledge in this area.

5. Conclusion

HNC patients experience significant WL during and after RT. BMI
category, symptom burden, mucositis, and nutritional support were
directly and independently related to BW changes over time in our
sample of HNC patients. WL was more pronounced in those who were
overweight, had greater symptom burden, and had grade III mucositis.
Interestingly, we found that a higher level of body WL in patients with
oral intake or enteral tube feeding after starting RT than that in patients
who had enteral tube feeding throughout the course of RT. This finding
suggests that prophylactic enteral tube feeding may provide better
nutritional support than reactive tube feeding or oral intake in this
group of patients. However, randomized controlled trials are required
to better define the role of prophylactic enteral tube feeding in the
prevention of body WL during RT in HNC patients. Although further
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research is needed, this study provides a promising first step in ex-
ploring the potential beneficial effect of prophylactic enteral tube
feeding on maintaining BW.

6. Clinical implications

WL during RT affects the treatment efficacy and survival of HNC
patients. The results of the study supported that HNC patients are at a
great risk for body WL while receiving RT. Clinicians should closely
assess patients’ nutritional status and provide appropriate nutritional
support during RT to avoid WL. Special attention should be paid to
those who have greater symptom burden and severe mucositis.
Furthermore, overweight patients can also experience substantial WL
during RT, and their needs for nutritional support should not be over-
looked. Additionally, the effects of prophylactic enteral tube feeding on
maintaining BW during RT should be further explored.

IRB approval

The study was approved by the Taipei Veteran Hospital Institutional
Review Board (IRB No. 2014-10-008CC).

Conflicts of interest
None declared.
Funding

The study was supported by funding from the Taipei Veterans
General Hospital, Taiwan, ROC (V104A-029).

Acknowledgements
The authors thank all the participants in this study.
References

Baxi, S.S., Schwitzer, E., Jones, L.W., 2016. A review of weight loss and sarcopenia in
patients with head and neck cancer treated with chemoradiation. Cancers Head Neck
1 (9), 1-7. https://doi.org/10.1186/s41199-016-0010-0.

Beaver, M.E., Matheny, K.E., Roberts, D.B., Myers, J.N., 2001. Predictors of weight loss
during radiation therapy. Otolaryngol. Head Neck Surg. 125 (6), 645-648. https://
doi.org/10.1067/mhn.2001.120428.

Bray, F., Ferlay, J., Soerjomataram, I., Siegel, R.L., Torre, L.A., Jemal, A., 2018. Global
cancer statistics 2018: GLOBOCAN estimates of incidence and mortality worldwide
for 36 cancers in 185 countries. CA Cancer J. Clin. 68 (6), 394-424. https://doi.org/
10.3322/caac.21492.

Bressan, V., Stevanin, S., Bianchi, M., Aleo, G., Bagnasco, A., Sasso, L., 2016. 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. 45, 105-119 10.1016/j.ctrv.2016.03.006.

Brown, T., Ross, L., Jones, L., Hughes, B., Banks, M., 2014. Nutrition outcomes following
implementation of validated swallowing and nutrition guidelines for patients with
head and neck cance. Support. Care Canc. 22 (9), 2381-2391. https://doi.org/10.
1007/500520-014-2180-9.

Cacicedo, J., Casquero, F., Martinez-Indart, L., del Hoyo, O., Gomez de Iturriaga, A.,
Navarro, A., Bilbao, P., 2014. A prospective analysis of factors that influence weight
loss in patients undergoing radiotherapy. Chin. J. Canc. 33 (4), 204-210. https://doi.
org/10.5732/cjc.013.10009.

Charlson, M.E., Pompei, P., Ales, K.L., MacKenzie, C.R., 1987. A new method of classi-
fying prognostic comorbidity in longitudinal studies: development and validation. J.
Chron. Dis. 40 (5), 373-383.

Chen, S.C., Lai, Y.H., Huang, B.S., Lin, C.Y., Fan, K.H., Chang, J.T.C., 2015. Changes and
predictors of radiation-induced oral mucositis in patients with oral cavity cancer
during active treatment. Eur. J. Oncol. Nurs. 19 (3), 214-219. https://doi.org/10.
1016/j.ejon.2014.12.001.

Dawson, P., Taylor, A., Bragg, C., 2015. Exploration of risk factors for weight loss in head
and neck cancer patients. J. Radiother. Pract. 14 (4), 343-352. https://doi.org/10.
1017/5146039691500031X.

Ehrsson, Y.T., Langius-Eklof, A., Laurell, G., 2012. Nutritional surveillance and weight
loss in head and neck cancer patients. Support. Care Canc. 20 (4), 757-765. https://
doi.org/10.1007/500520-011-1146-4.

Farhangfar, A., Makarewicz, M., Ghosh, S., Jha, N., Scrimger, R., Gramlich, L., Baracos,
V., 2014. Nutrition impact symptoms in a population cohort of head and neck cancer

103

European Journal of Oncology Nursing 39 (2019) 98-104

patients: multivariate regression analysis of symptoms on oral intake, weight loss and
survival. Oral Oncol. 50 (9), 877-883. https://doi.org/10.1016/j.oraloncology.2014.
06.009.

Faul, F., Erdfelder, E., Lang, A.G., Buchner, A., 2007. G*Power 3: a flexible statistical
power analysis program for the social, behavioral, and biomedical sciences. Behav.
Res. Methods 39 (2), 175-191.

Ghadjar, P., Hayoz, S., Zimmermann, F., Bodis, S., Kaul, D., Badakhshi, H., Bernier, J.,
Studer, G., Plasswilm, L., Budach, V., Aebersold, D.M., Swiss Group for Clinical
Cancer Research (SAKK), 2015. Impact of weight loss on survival after chemor-
adiation for locally advanced head and neck cancer: secondary results of a rando-
mized phase III trial (SAKK 10/94). Radiat. Oncol. 10 (1), 21-27. https://doi.org/10.
1186/513014-014-0319-y.

Hall, W.H., Ramachandran, R., Narayan, S., Jani, A.B., Vijayakumar, S., 2004. An elec-
tronic application for rapidly calculating Charlson comorbidity score. BMC Canc. 4
(94), 1-8. https://doi.org/10.1186,/1471-2407-4-94.

Kubrak, C., Olson, K., Jha, N., Scrimger, R., Parliament, M., McCargar, L., Koski, S.,
Baracos, V., 2013. Clinical determinants of weight loss in patients receiving radiation
and chemoirradiation for head and neck cancer: a prospective longitudinal view.
Head Neck 35 (5), 695-703. https://doi.org/10.1002/hed.23023.

Langius, J.A.E., Twisk, J., Kampman, M., Doornaert, P., Kramer, M.H.H., Weijs, P.J.M.,
Leemans, C.R., 2016. Prediction model to predict critical weight loss in patients with
head and neck cancer during (chemo)radiotherapy. Oral Oncol. 52, 91-96. https://
doi.org/10.1016/j.oraloncology.2015.10.021.

Langius, J.A.E., Bakker, S., Rietveld, D.H.F., Kruizenga, H.M., Langendijk, J.A., Weijs,
P.J.M., Leemans, C.R., 2013a. Critical weight loss is a major prognostic indicator for
disease-specific survival in patients with head and neck cancer receiving radio-
therapy. Br. J. Canc. 109 (5), 1093-1099. https://doi.org/10.1038/bjc.2013.458.

Langius, J.A.E., van Dijk, A.M., Doornaert, P., Kruizenga, H.M., Langendijk, J.A.,
Leemans, C.R., Weijs, P.J., Verdonck-de Leeuw, I.M., 2013b. More than 10% weight
loss in head and neck cancer patients during radiotherapy is independently associated
with deterioration in quality of life. Nutr. Canc. 65 (1), 76-83. https://doi.org/10.
1080/01635581.2013.741749.

Langmore, S., Krisciunas, G.P., Miloro, K.V., Evans, S.R., Cheng, D.M., 2012. Does PEG
use cause dysphagia in head and neck cancer patients? Dysphagia 27 (2), 251-259.
https://doi.org/10.1007/500455-011-9360-2.

Lonbro, S., Petersen, G.B., Andersen, J.R., Johansen, J., 2016. Prediction of critical weight
loss during radiation treatment in head and neck cancer patients is dependent on
BMLI. Support. Care Canc. 24 (5), 2101-2109. https://doi.org/10.1007/s00520-015-
2999-8.

Mallick, I., Gupta, S.K., Ray, R., Sinha, T., Sinha, S., Achari, R., Chatterjee, S., 2013.
Predictors of weight loss during conformal radiotherapy for head and neck cancers —
how important are planning target volumes? Clin. Oncol. 25 (9), 557-563. https://
doi.org/10.1016/j.clon.2013.04.003.

Marur, S., Forastiers, A.A., 2016. Head and neck squamous cell carcinoma: update on
epidemiology, diagnosis, and treatment. Mayo Clin. Proc. 91 (3), 386-396 10.1016/
j.mayocp.2015.12.017.

McClelland 111, S., Andrews, J.Z., Chaudhry, H., Teckie, S., Goenka, A., 2018. Prophylactic
versus reactive gastrostomy tube placement in advanced head and neck cancer
treated with definitive chemoradiotherapy: a systematic review. Oral Oncol. 87,
77-81. https://doi.org/10.1016/j.oraloncology.2018.10.028.

Nourissat, A., Bairati, 1., Fortin, A., Gélinas, M., Nabid, A., Brochet, F., Tétu, B., Meyer, F.,
2012. Factors associated with weight loss during radiotherapy in patients with stage I
or Il head and neck cancer. Support. Care Canc. 20 (3), 591-599. https://doi.org/10.
1007/s00520-011-1132-x.

Ottosson, S., Soderstrom, K., Kjellén, E., Nilsson, P., Zackrisson, B., Laurell, G., 2014.
Weight and body mass index in relation to irradiated volume and to overall survival
in patients with oropharyngeal cancer: a retrospective cohort study. Radiat. Oncol. 9,
160 10.1186/1748-717X-9-160.

Ottosson, S., Zackrisson, B., Kjellen, E., Nilsson, P., Laurell, G., 2013. Weight loss in pa-
tients with head and neck cancer during and after conventional and accelerated
radiotherapy. Acta Oncol. 52 (4), 711-718. https://doi.org/10.3109/0284186X.
2012.731524.

Pearman, T.P., Beaumont, J.L., Paul, D., Abernethy, A.P., Jacobsen, P.B., Syrjala, K.L.,
Von Roenn, J., Cella, D., 2013. Evaluation of treatment- and disease-related symp-
toms in advanced head and neck cancer: validation of the national comprehensive
cancer network-functional assessment of cancer therapy-head and neck cancer
symptom index-22 (NFHNSI-22). J. Pain Symptom Manag. 46 (1), 113-120. https://
doi.org/10.1016/j.jpainsymman.2012.06.004.

Peng, K.A,, Kuan, E.C., Unger, L., Lorentz, W.C., Wang, M.B., Long, J.L., 2015. A swallow
preservation protocol improves function for veterans receiving chemoradiation for
head and neck cancer. Otolaryngol. Head Neck Surg. 152 (5), 863-867. https://doi.
org/10.1177/0194599815575508.

Platek, M.E., Myrick, E., McCloskey, S.A., Gupta, V., Reid, M.E., Wilding, G.E., Cohan, D.,
Arshad, H., Rigual, N.R., Hicks Jr., W.L., Sullivan, M., Warren, G.W., Singh, A.K.,
2013. Pretreatment weight status and weight loss among head and neck cancer pa-
tients receiving definitive concurrent chemoradiation therapy: implications for nu-
trition integrated treatment pathways. Support. Care Canc. 21 (10), 2825-2833.
https://doi.org/10.1007/500520-013-1861-0.

Schindler, A., Denarob, N., Russi, E.G., Pizzorni, N., Bossi, P., Merlotti, A., Bissetti, M.S.,
Numicog, G., Gava, A., Orlandi, E., Caspiani, O., Buglione, M., Alterio, D.,
Bacigalupom, A., De Sanctis, V., Pavanato, G., Ripamonti, C., Merlanob, M.C., Licitra,
L., Sanguineti, G., Langendijk, J.A., Murphy, B., 2015. Dysphagia in head and neck
cancer patients treated with radiotherapy and systemic therapies: literature review
and consensus. Crit. Rev. Oncol. Hematol. 96 (2), 372-384. https://doi.org/10.1016/

j.critrevonc.2015.06.005.

Silander, E., Nyman, J., Hammerlid, E., 2013. An exploration of factors predicting


https://doi.org/10.1186/s41199-016-0010-0
https://doi.org/10.1067/mhn.2001.120428
https://doi.org/10.1067/mhn.2001.120428
https://doi.org/10.3322/caac.21492
https://doi.org/10.3322/caac.21492
http://refhub.elsevier.com/S1462-3889(19)30019-5/sref4
http://refhub.elsevier.com/S1462-3889(19)30019-5/sref4
http://refhub.elsevier.com/S1462-3889(19)30019-5/sref4
http://refhub.elsevier.com/S1462-3889(19)30019-5/sref4
https://doi.org/10.1007/s00520-014-2180-9
https://doi.org/10.1007/s00520-014-2180-9
https://doi.org/10.5732/cjc.013.10009
https://doi.org/10.5732/cjc.013.10009
http://refhub.elsevier.com/S1462-3889(19)30019-5/sref7
http://refhub.elsevier.com/S1462-3889(19)30019-5/sref7
http://refhub.elsevier.com/S1462-3889(19)30019-5/sref7
https://doi.org/10.1016/j.ejon.2014.12.001
https://doi.org/10.1016/j.ejon.2014.12.001
https://doi.org/10.1017/S146039691500031X
https://doi.org/10.1017/S146039691500031X
https://doi.org/10.1007/s00520-011-1146-4
https://doi.org/10.1007/s00520-011-1146-4
https://doi.org/10.1016/j.oraloncology.2014.06.009
https://doi.org/10.1016/j.oraloncology.2014.06.009
http://refhub.elsevier.com/S1462-3889(19)30019-5/sref11
http://refhub.elsevier.com/S1462-3889(19)30019-5/sref11
http://refhub.elsevier.com/S1462-3889(19)30019-5/sref11
https://doi.org/10.1186/s13014-014-0319-y
https://doi.org/10.1186/s13014-014-0319-y
https://doi.org/10.1186/1471-2407-4-94
https://doi.org/10.1002/hed.23023
https://doi.org/10.1016/j.oraloncology.2015.10.021
https://doi.org/10.1016/j.oraloncology.2015.10.021
https://doi.org/10.1038/bjc.2013.458
https://doi.org/10.1080/01635581.2013.741749
https://doi.org/10.1080/01635581.2013.741749
https://doi.org/10.1007/s00455-011-9360-2
https://doi.org/10.1007/s00520-015-2999-8
https://doi.org/10.1007/s00520-015-2999-8
https://doi.org/10.1016/j.clon.2013.04.003
https://doi.org/10.1016/j.clon.2013.04.003
http://refhub.elsevier.com/S1462-3889(19)30019-5/sref21
http://refhub.elsevier.com/S1462-3889(19)30019-5/sref21
http://refhub.elsevier.com/S1462-3889(19)30019-5/sref21
https://doi.org/10.1016/j.oraloncology.2018.10.028
https://doi.org/10.1007/s00520-011-1132-x
https://doi.org/10.1007/s00520-011-1132-x
http://refhub.elsevier.com/S1462-3889(19)30019-5/sref24
http://refhub.elsevier.com/S1462-3889(19)30019-5/sref24
http://refhub.elsevier.com/S1462-3889(19)30019-5/sref24
http://refhub.elsevier.com/S1462-3889(19)30019-5/sref24
https://doi.org/10.3109/0284186X.2012.731524
https://doi.org/10.3109/0284186X.2012.731524
https://doi.org/10.1016/j.jpainsymman.2012.06.004
https://doi.org/10.1016/j.jpainsymman.2012.06.004
https://doi.org/10.1177/0194599815575508
https://doi.org/10.1177/0194599815575508
https://doi.org/10.1007/s00520-013-1861-0
https://doi.org/10.1016/j.critrevonc.2015.06.005
https://doi.org/10.1016/j.critrevonc.2015.06.005

S.-C. Lee, et al.

malnutrition in patients with advanced head and neck cancer. Laryngoscope 123
(10), 2428-2434. https://doi.org/10.1002/lary.23877.

Vallén, C., Hagell, P., Westergren, A., 2011. Validity and user-friendliness of the minimal
eating observation and nutrition form-version II (MEONF-II) for undernutrition risk
screening. Food Nutr. Res. 55 (1), 1-7. https://doi.org/10.3402/fnr.v55i0.5801.

Vangelov, B., Smee, R., 2017. Clinical predictors for reactive tube feeding in patients with
advanced oropharynx cancer receiving radiotherapy + chemotherapy. Eur. Arch.
Oto-Rhino-Laryngol. 274 (10), 3741-3749. https://doi.org/10.1007/s00405-017-
4681-x.

Wallace, W.C., Feigenberg, S.J., Tyer, T.N., Pope, J.F., Erickson, D.M., Hanson, J.A., 2018.
Body weight status, clinical factors, and short-term outcomes among head and neck

104

European Journal of Oncology Nursing 39 (2019) 98-104

radiation oncology patients. Top. Clin. Nutr. 33 (1), 69-78. https://doi.org/10.1097/
TIN.0000000000000128.

Wang, J., Liu, M., Liu, C., Ye, Y., Huang, G., 2014. Percutaneous endoscopic gastrostomy
versus nasogastric tube feeding for patients with head and neck cancer: a systematic
review. J. Radiat. Res. 55 (3), 559-567. https://doi.org/10.1093/jrr/rrt144.

World Health Organization, 1979. Handbook for Reporting Results of Cancer Treatment.
pp. 15-22.

Zhao, J.Z., Zheng, H., Li, L.Y., Zhang, L.Y., Zhao, Y., Jiang, N., 2015. Predictors for weight
loss in head and neck cancer patients undergoing radiotherapy: a systematic review.
Cancer Nurs. 38 (6), E37-E45. https://doi.org/10.1097/NCC.0000000000000231.


https://doi.org/10.1002/lary.23877
https://doi.org/10.3402/fnr.v55i0.5801
https://doi.org/10.1007/s00405-017-4681-x
https://doi.org/10.1007/s00405-017-4681-x
https://doi.org/10.1097/TIN.0000000000000128
https://doi.org/10.1097/TIN.0000000000000128
https://doi.org/10.1093/jrr/rrt144
http://refhub.elsevier.com/S1462-3889(19)30019-5/sref35
http://refhub.elsevier.com/S1462-3889(19)30019-5/sref35
https://doi.org/10.1097/NCC.0000000000000231

	Predictors of weight loss during and after radiotherapy in patients with head and neck cancer: A longitudinal study
	Introduction
	Methods
	Study design
	Participant recruitment
	Data collection and instruments
	Statistical analysis

	Results
	Demographic and clinical variables as well as pretreatment WL, BMI category, and nutritional support
	Symptom burden and grades of mucositis measured at different time points
	Body weight changes over time
	Influence of the study variables on body weight changes over time

	Discussion
	Conclusion
	Clinical implications
	IRB approval
	Conflicts of interest
	Funding
	Acknowledgements
	References




