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Simple Summary: Patients with head and neck cancer (HNC) often experience weight loss due to
the tumor and its treatment. This article aims to investigate the possible factors that contribute to
critical weight loss (CWL) in patients with HNC who have undergone radiotherapy or concurrent
chemoradiotherapy. Based on this study, patients with HNC who are undergoing radiotherapy
with or without chemotherapy and have a BMI equal to or greater than 25 kg/m? should be closely
monitored in terms of nutritional assessment, intervention, and toxic side effects. Implementing these
practices is expected to improve treatment outcomes for HNC patients and close the gap between
researchers and policymakers. The study also encourages further research to better understand the
relationship between overweight and obese HNC patients and CWL.

Abstract: Weight loss is a significant health problem among patients with head and neck cancer
(HNC) that is attributable primarily to the tumor or tumor therapy. Critical weight loss (CWL) is
defined as the unintentional loss of >5% of weight. Therefore, this study’s goal was to investigate
and determine the possible factors influencing CWL among patients with HNC who have received
radiotherapy or concurrent chemoradiotherapy (CCRT). We conducted a retrospective analysis of
175 patients who received radiotherapy or CCRT as either their primary, adjuvant, or combined
treatment at the Oncology Center in King Abdullah Medical City. All patients were >18 years of
age and diagnosed with HNC with no metastasis. The study results showed that 107 patients (61%)
had CWL, while 68 (39%) did not. The following factors were significantly predictive of CWL with a
multivariate regression analysis: pretreatment BMI (AOR = 1.1, 95% CI = 1.02-1.17), oral cavity cancer
(AOR = 10.36, 95% CI = 1.13-94.55), and male sex (AOR = 3.15, 95% CI = 1.39-7.11). In conclusion,
weight loss is highly prevalent among HNC patients during treatment. Accordingly, pretreatment
BMI, cancer in the oral cavity, and being male can be considered predictive factors for CWL.
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1. Introduction

Cancer is the second leading cause of death worldwide and accounts for approxi-
mately 10 million deaths annually [1]. According to the Global Burden of Disease study,
890,000 new head and neck cancers (HNCs) (lip and oral cavity, nasopharynx, pharynx, and
larynx] were diagnosed globally in 2017, which constituted 5.3% of all cancers (excluding
nonmelanoma skin cancers) [2]. HNCs have a 5-year survival rate of approximately 50%,
which has remained constant in recent years [3]. In Saudi Arabia, there were 24,485 new
cancer cases and 10,518 cancer deaths in 2018 alone [1], and the prevalence of oral cancer in
southern Saudi Arabia was 3.29% over the past ten years [4]. Some geographic differences
in prevalence are linked to various risk factors that are distinct in different parts of the
world [4]. Tobacco and alcohol, among the many etiological factors linked to cancer, have
long been identified as known risk factors for oral cancer in individuals of all ages, and
tobacco use in smoking cigarettes is universal around the world. An additional significant
contributor to HNCs” higher occurrence in Yemen and the southern region of Saudi Arabia
is the use of shemma [4].

Critical weight loss (CWL), defined as the unintentional loss of weight >5% during
radiation and CCRT, ranged from 37% in a mixed group of HNC patients to 88% in
nasopharyngeal cancer patients and is related to acute toxicity of radiation and concurrent
chemotherapy [5]. Furthermore, as a known negative prognostic factor, CWL increases the
death rate in head and neck cancer patients. In previous studies, patients with a CWL of
5.4% attributable to the toxicity radiation causes had a poor prognosis [6]. In this cancer
population, cumulative weight losses have been shown to surpass 20% of pretreatment
body weight. A greater degree of weight loss has been linked to higher mortality and
morbidity, treatment delays, longer hospital stays, and poorer performance status and
quality of life [7]. In particular, a study found that a low pretreatment body mass index
(BMI) and greater weight loss during treatment are associated independently and markedly
with poorer survival, even when other established factors are considered [8].

Although numerous studies are currently underway in this area, no definitive conclu-
sion has yet been established, as certain risk factors have not proven to be reliable indicators.
We hypothesized that HNC patients are at high risk of weight loss during radiotherapy
(RT) (+/— chemotherapy), which is considered, with BMI as the pretreatment, a prognostic
factor. Weight loss is a significant health problem among patients with HNCs that is at-
tributable primarily to the tumor or tumor therapy [9]. Therefore, this study’s primary goal
was to investigate and determine the possible factors that influence CWL among patients
with HNC who received radiation or concurrent chemoradiotherapy (CCRT). The study’s
secondary goal was to demonstrate the potential toxicities” correlation with the weight
loss percentage.

2. Materials and Methods
2.1. Study Setting and Design

This study conducted a retrospective analysis of 175 patients who underwent RT or
CCRT either as a primary, adjuvant, or combined treatment at the King Abdullah Medical
City (KAMC) Oncology Center. Data were collected from February 2015 until August 2021
according to eligibility criteria. Patient information was collected from electronic medical
records systems, Varian (specified for oncology patients undergoing RT), and TrackCare.

2.2. Patient Eligibility

The patients included were >18 years of age, diagnosed with HNC, intended for
curative treatment of RT or CCRT, and had their weight (kg) and height (cm) documented
before and after completing the treatment. The HNC patients excluded were those with
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distant metastases, receiving treatment with palliative intent, those who discontinued
treatment or died during the course of therapy, and any patient with missing documentation
of study variables. Patient TNM staging (T refers to the primary tumor, N refers to whether
lymphatic nodes are affected, and M refers to further metastases) (National Cancer Institute;
NIH, 2015) was classified into four groups according to cancer stage: I, II, III, and IV. Cancer
stages were classified further into two groups: early (stages I and II) and advanced (stages
III and 1IV) [10]. The sample distribution according to the inclusion and exclusion criteria
is described in Figure 1. In addition, tumor site was categorized into four groups: cancer
in the oral cavity, pharynx (oro-, naso-, or hypopharynx), larynx, and another group that
included the neck and maxilla.

295 HNC patients
Participants excluded (n =24) who were RT
P
v > for palliation
271 HNC patients
Participants excluded (n =21) who refused
> p
# " to continue treatment
250 HNC patients
Participants excluded (n =12) who had a
! > p
g pre-treatment End of Treatment (PEOT)
238 HNC patients
7 R Participants excluded (n =45) who had
" missing documentation
193 HNC patients
_ articipants excluded (n =8) who ha or
v P. p luded 8) who had RT £
recurrence
185 HNC patients
v > Participants excluded (n =6) who had
lymphoma
179 HNC patients
> articipants excluded (n =3) who ha
v Particip luded (n =3) who had RT
with metastatic
176 HNC patients
> articipant excluded (n =1) who was
7 > P. p luded 1) wh
underage (<18 years)
175 HNC patients

Figure 1. Sample distribution according to inclusion and exclusion criteria.

2.3. Data Collection

The data collected included demographic information, diagnosis and tumor site,
surgical history, and TNM stage. Weight and height records were collected for all eligible
patients, as documented by a nurse using a digital weighing scale with built-in height
rods (Health O Meter, model: 597KL, 11800 S Austin Ave, Alsip, IL, USA) with a capacity
of 272 kg and a £ 0.1 kg accuracy, both before the beginning of RT and at the end of
the radiation course of treatment. Height and weight were recorded as described in the
International Anthropometric Standardization reference manual [11].Participants were
instructed to stand straight, wear light clothing, and be barefoot for all measurements.
Using these data, we calculated the patients’ percentage of weight loss and further classified
them according to weight loss percentage into CWL (>5%) and non-CWL (<5%) groups [12].
The BMI categories were grouped according to the WHO classification of BMI (WHO,
2021): <18.5 kg/m? (underweight), 18.5-24.9 kg/m? (normal weight), >25-29.9 kg/m?
(overweight), and >30 kg/ m? (obese).

2.4. Treatment and Toxicities

All HNC patients included in the study were treated using RapidArc™ (Varian
Medical Systems, TrueBeam, Palo Alto, CA, USA) with a dosage grouping of >60 Gy
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(standard radiotherapy fraction dose) and <60 Gy. In the case of CCRT, chemotherapy was
planned by an oncologist and administered to patients concomitantly, as appropriate. A
radiation oncology specialist reviewed the toxicities assessment sheet in each patient’s file
record on a weekly basis during the course of treatment. The weekly assessment sheet was
approved at the KAMC Oncology Center and established according to the National Cancer
Institute (NCI) Common Toxicity Criteria (NCI-CTC) scores chemotherapy (CT)-related side
effects v. 2.0 [13], which has been used in all National Cancer Institute (NCI) clinical trials
since March 1998 [14]. In this study, we collected the highest-grade severity reached and
documented during radiation sessions for mucositis, dysphagia, mouth dryness, anorexia,
and pain.

2.5. Statistical Analysis

Data analysis was performed using SPSS v. 28 (IBM Corp., Armonk, NY, USA). All
categorical variables are summarized as percentages and frequencies, while quantitative
variables are reported as the mean =+ standard deviation. Comparisons were made by
performing the x? test or independent t-test for non-continuous and continuous parameters,
respectively. The results are also presented as the odds ratio (OR) and adjusted odds ratio
(AOR) using univariate and multivariate logistic regression tests, respectively, along with
the inclusion of 95% confidence intervals (95% CI) to identify predictors of CWL in HNC
patients. The significance level was set at p < 0.05.

3. Results

A total of 175 patients were included in the study (Table 1). Of these, 119 (68%) were
men, and 56 (32%) were women. The patients’ mean age (years) was 54.6 &= 15.1, and their
mean height (cm) was 163.6 £ 10.3. With respect to the pretreatment parameters, their
mean pretreatment weight (kg) was 70.8 + 19.5, and the mean pretreatment BMI (kg/m?)
was 26.2 £ 6.2. Concerning the post-treatment parameters, their post-treatment weight
(kg) was 65.7 + 17.7 and their post-treatment BMI (kg/m?) was 24.4 + 5.7, with a mean
weight loss percentage of 6.7% =+ 6%. Furthermore, 107 patients (61%) had CWL, while 68
(39%) did not. Regarding patient categorization based on BMI, we observed that 9% were
classified as underweight, 37% had a normal BMI, 28% were overweight, and 26% were
classified as obese.

The comparison between critical and non-critical weight loss among patients who
had undergone radiotherapy for several variables is presented in Table 2. A significant
association was found between sex and weight loss percentage (p = 0.005), in which 81
(76%) of men had CWL, while only 26 (24%) of women did. The diagnosis was also
associated significantly with weight loss (p < 0.001), in that the highest rate of CWL
was seen in patients with pharyngeal tumors (51%) and the lowest was seen in patients
with neck and maxilla tumors (1%). Furthermore, there was a significant relationship
among pharyngeal cancers according to the tumor site (oro-, hypo-, and nasopharynx) with
CWL (p <0.001). A significant relationship was found between weight loss percentage
and disease stage (p = 0.02). Notably, 90% of patients in the advanced stages had CWL
compared to only 10% of those in the early stages. History of surgery (tumor excision) was
associated significantly with weight loss (p = 0.004), in which those without a history of
surgery had a significantly higher rate of CWL than those who underwent surgery (78%
vs. 22%). The intention of treatment was related significantly to weight loss (p = 0.001),
in which those who underwent chemotherapy treatment had a significantly higher CWL
rate than those without chemotherapy (77% vs. 23%). The radiation dose was related
significantly to weight loss as well (p = 0.008), in which those with a radiation dose >60 Gy
had a significantly higher rate of CWL than those with a radiation dose <60 Gy (98% vs.
2%). Both pretreatment weight and BMI were significantly higher in patients with CWL
(p =0.001 and 0.01, respectively).
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Table 1. Sample characteristics (n = 175).
Characteristics n (%) or Mean + SD
Sex
Male 119 (68)
Female 56 (32)
Age (year) 54.6 £15.1
Height (cm) 163.6 + 10.3
Pretreatment weight (kg) 70.8 £19.5
Pretreatment BMI (kg/ m?) 262+ 6.2
Post-treatment weight (kg) 65.7 +17.7
Post-treatment BMI (kg/ m?) 244 +57
Weight loss (%) 6.7+ 6
Critical weight loss
Yes 107 (61)
No 68 (38)
Pretreatment BMI categories
Underweight 16 (9)
Normal 64 (37)
Overweight 49 (28)
Obese 46 (26)
Abbreviations: SD: standard deviation, kg: kilogram.
Table 2. Characteristics of HNC patients based upon CWL.
e CWL Non-CWL
Characteristics # (%) or Mean = SD (%) orMean+SD P -Value
Age (years) 532 £ 145 56.9 £ 15.9 0.12
Age category
89 (83) 51 (75)
<65 years 0131
565 years 18 (17) 17 (25)
Sex
Male 81 (76) 38 (56) 0.005
Female 26 (24) 30 (44)
Diagnosis
Oral cavity 34 (32) 32 (47)
Pharynx 55 (51) 14 (21) <0.001
Larynx 17 (16) 13 (19)
Other (neck + maxilla) 1(1) 9 (13)
Tumor site
Nasopharynx 51 (48) 7 (10)
Hypopharynx 4(3.1) 6(9) <0.001 f
Oropharynx 1(0.9) 0 (0)
Non-pharyngeal 51 (48) 55 (81)
Disease stage (TNM)
Early stage
(Stages I and II) 11.(10) 16(23.5) 0.021
Advanced stage
(Stages Il and IV) 9% (90) 52(765)
Elstory of surgery (tumor excision) 83 (78) 39 (57) 0,008
© 24 (22) 29 (43) 004 1

Yes
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Table 2. Cont.
. CWL Non-CWL

Characteristics # (%) or Mean = SD (%) orMean +SD P -Value
Intention of treatment
Without chemotherapy 25 (23) 33 (48.5) 0.001
With chemotherapy 82 (77) 35 (51.5)
Radiation dose
<60 Gy 2(2) 8 (12) 0.008
>60 Gy 105 (98) 60 (88)
Pretreatment weight (kg) 74.6 +20.4 64.8 +16.5 0.001 t
Pretreatment BMI (kg/ m?) 272+ 6.6 247 £54 0.01 1
Post-treatment weight (kg) 66.8 +19.0 63.9 +15.6 0.29 t
Post-treatment BMI (kg/m?) 244+ 6.2 244 +51 0.98 +

Bold results are statistically significant at p < 0.05. 1 Analysis performed with chi-square test, T Analysis performed
with t-test. Abbreviations: BMI: body mass index, Gy: grey, SD: standard deviation, kg: kilogram.

Table 3 shows the regression analysis for the prediction of CWL in HNC patients
during treatment. The factors included in the model were pretreatment BMI, sex, diag-
nosis, pharyngeal tumor site, disease stage, history of surgery, intention of treatment,
and radiation dose. The following factors were significantly predictive of CWL with a
multivariate regression analysis: pretreatment BMI (AOR = 1.1, 95% CI = [1.02-1.17],
p = 0.007), oral cavity cancer (AOR = 10.36, 95% CI = [1.13-94.55], p = 0.04), and male
sex (AOR = 3.15, 95% CI = [1.39-7.11], p = 0.006). In addition, other factors were found to
be statistically significant with univariate logistic regression as a predictive factor, which
included male sex (OR = 2.46, 95% CI = [1.28-4.71], p = 0.007), nasopharyngeal cancer
(OR =7.85,95% CI = [3.26-18.88], p = 0.007), patients with advanced disease stages (stages
III and IV) (OR = 2.68, 95% CI = [1.16-6.21], p = 0.02), treatment with CCRT (OR = 3.09,
95% CI =[1.6-5.94], p <0.001), and radiotherapy dose of >60 Gy (OR = 7,
95% CI = [1.43-34.04], p = 0.02). Additionally, tumors in the oral cavity, pharynx, and
larynx showed risk factors for CWL (OR = 9.56, 95% CI = [1.14-79.79], p = 0.04, OR = 35.35,
95% CI = [4.12-302.83], p = 0.001, and OR = 11.76, 95% CI = [1.31-105], p = 0.03, respec-
tively). On the other hand, protective factors included a history of surgery before radio-
therapy treatment (OR = 0.38, 95% CI = [0.2-0.75], p = 0.005), and higher BMI (OR = 0.93,
95% CI = [0.88-0.98], p = 0.01). Upon conducting multivariate regression analysis, several
variables that were previously found significant in the univariate analysis, such as tumors
in the pharynx and larynx, nasopharyngeal cancer, advanced disease stage, history of
surgery, treatment with CCRT, and radiotherapy dose of >60 Gy, were no longer significant.
Interestingly, pretreatment BMI initially showed a protective effect but became a risk factor
after applying the multivariate regression.

Table 3. Regression analysis for the prediction of CWL in HNC patients.

Variables OR (95% CI) p-Value AOR (95% CI) p-Value
Sex
Male 2.46 (1.28-4.71) 0.007 3.15(1.39-7.11) 0.006
Female 1 1
Diagnosis 9.56 (1.14-79.79)
Oral cavity ' 3'5 35 ' 0.04 10.36 (1.13-94.55) 0.04
Pharynx “ 12_:'502 83) 0.001 4.99 (0.14-177.57) 0.38
Larynx ‘ ) 0.03 8.58 (0.73-100.58) 0.09

Other (neck and maxilla)

11.76 (1.31-105)
1

1
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Table 3. Cont.
Variables OR (95% CI) p-Value AOR (95% CI) p-Value
Tumor site
Nasopharynx 7.85 (3.26-18.88) <0.001 9.43 (0.55-160.85) 0.12
Hypopharynx 0.89 (0.25-3.12) 0.87 2.18 (0.09-46.57) 0.63
Oropharynx ND ND
Non-pharyngeal 1 1
Disease stage (TNM) 0.02 021
Advanced stage 2.68 (1.16-6.21) ) 0.2 (0.67-6.19) ’
(Stages Il and IV)
Early stage 1 1
(Stages I and II)
History of surgery
Yes 0.38 (0.2-0.75) 0.005 1.03 (0.33-3.17) 0.96
No 1 1
Intention of treatment
With chemotherapy 3.09 (1.60-5.94) <0.001 10.36 (1.13-94.55) 0.12
Without chemotherapy 1 1
Radiation dose
>60 Gy 7 (1.43-34.04) 0.02 5.15 (0.60-44.12) 0.14
<60 Gy 1 1
Pretreatment BMI (kg/ m?) 0.93 (0.88-0.98) 0.01 1.10 (1.02-1.17) 0.007

The reference category is the “No CWL.” Bold results are statistically significant at p < 0.05. Abbreviations: AOR:
adjusted odds ratio, OR: odds ratio, CI: confidence interval, kg: kilogram, Gy: grey, ND: not determined.

Figures 2 and 3 illustrate the relationship between the incidence of mucositis, mouth
dryness, and CWL. A significant relationship was found between developing mucositis
and CWL at a rate of 58% vs. 32% (n = 39 vs. 22, respectively) in the non-CWL patients
(OR = 3.6, 95% CI =[1.28-10.13], p = 0.02). Furthermore, the incidence of mouth dryness
was higher in patients with CWL at a rate of 57% vs. 31% (n = 61 vs. 33, respectively)
among patients with non-CWL (OR = 3.37, 95% CI = [1.27-8.96], p = 0.02). No significant
difference was found in the other side-effects categories.

60

50

40

Percent

30

20

non critical weight loss

Critical weight loss category

3.4%

No mucositis
M Developed mucositis

critical weight loss

Figure 2. Relationship between mucositis incidence and CWL (OR = 3.6, 95% CI = [1.28-10.13],

p =0.02).
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60 No mouth dryness
M Developed mouth dryness

50

40

Percent

30

20

4.1%

non critical weight loss critical weight loss

Critical weight loss category

Figure 3. Relationship between mouth dryness incidence and CWL (OR = 3.37, 95% CI = [1.27-8.96],
p=0.02).

4. Discussion

HNC is prevalent in Saudi Arabia and worldwide. Weight loss and pretreatment BMI
were significantly associated with HNC patients and may be considered prognostic factors.
This study showed that high pretreatment BMI, cancer in the oral cavity, and being male
were predictive factors for CWL. Univariate regression analysis showed that patients with
nasopharyngeal cancer, being in the advanced stages, undergoing CCRT treatment, or
receiving a radiation dose >60 Gy were significantly associated with CWL. However, these
factors did not remain significant in the multivariate regression analysis. This suggests that
these factors may have a negligible impact on CWL in patients with HNC.

Similar to what was reported by several studies [12,15-18], our study found that
critical weight loss was more pronounced and independently associated with our study
population who had a high pretreatment BMI. The majority of our study population had a
higher pretreatment BMI: overweight (28%) and obese (26%). This finding contrasts with
those of two studies that found no significant relationship between pretreatment BMI and
critical weight loss among cancer patients with several types including HNC undergoing
radiotherapy [6,19]. Furthermore, in recent research conducted by Ma et al. [15], they
observed that HNC patients with a high BMI (overweight or obese) experienced significant
weight loss. However, these patients were found to have more positive outcomes, such
as improved treatment response, greater overall survival, and increased progression-free
survival. On the other hand, HNC patients with a normal and underweight pretreatment
BMI were at greater risk of poor overall survival [20-23], prognosis [24,25], and extended
hospital stays for underweight patients [26].

With respect to the tumor site, HNC patients demonstrated different percentages of
weight loss, which may affect optimal nutrition before and during treatment. The highest
percentage of CWL was observed in patients with pharyngeal and oral cavity tumors, at
51% and 32%, respectively. Among pharyngeal tumor sites, 48% of nasopharyngeal cancer
patients had a weight loss of >5% during treatment. Previous studies have shown that
weight loss affects the nutritional status and risk of malnutrition adversely, particularly
during the course of treatment [5,27]. In contrast, only 17% of patients with laryngeal, neck,
and maxilla cancer experienced CWL. This result could reflect the presence of different
symptoms, which vary in type and severity according to the disease location and treatment
toxicities” effect on nutritional intake. For example, dysphagia, mouth dryness, and taste
changes are highly prevalent in nasopharyngeal and oral cancer [28,29]. These results
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highlight the importance of nutritional assessment and determining the tumor’s site prior
to treatment, such as percutaneous endoscopic gastrostomy insertion, to minimize the
intensity of the nutritional effect and ensure adequate nutrition [30].

In our study, sex was also significantly associated with CWL, as being male was found
to be a risk factor around three times higher for CWL than being female. Of the 26 female
patients included in the study, 24% developed CWL compared to 76% of the 119 male
patients. However, previous studies have shown no significant difference in the effect of
sex on CWL [12] and survival [31]. This result could be explained by the high prevalence
of a high pretreatment BMI among men compared to women, which was found to be
significantly associated with critical CWL during treatment.

Our study showed that patients who experienced CWL developed higher toxic side
effects, mainly mucositis and mouth dryness, than non-CWL patients. This result is consis-
tent with that of a previous report that showed high incidences of mucositis and mouth
dryness in HNC patients undergoing radiotherapy with or without chemotherapy [32].
These toxic side effects induce oral pain and thus result in decreased oral intake and associ-
ated weight loss [33]. Therefore, to manage the impact of certain toxicities on weight loss,
it is crucial to closely monitor and promptly treat the toxic side effects, mainly mucositis
and mouth dryness, in HNC patients.

This study confirmed the relationship between the incidence of dry mouth and CWL
(>5%) during radiotherapy with or without chemotherapy. Furthermore, a significant
correlation was found between CWL (>5%) and the incidence of dry mouth. Higher rates
of CWL (57%) in patients were found to be associated with the incidence of dry mouth
compared to 31% of those with non-CWL. Similar to this result, other reports have shown
that dry mouth is the most prominent complication by approximately 70% [34,35].

As our study was retrospective, the data available limited our ability to measure
several other/different risk factors. Given the limited resources, nutritional status and
interventions during treatment were difficult to collect and analyze. In addition, we were
unable to obtain pre- and post-treatment weight loss and other adverse outcomes. Moreover,
the BMI is affected by error due to an incorrect procedure for measuring the height when
using a scale with a built-in altimeter according to the International Anthropometric
Standardization reference manual [11]. Furthermore, the sample size was relatively small
with the exclusion of 120 patients, which could have affected the results and the ability to
generalize them. However, the study population’s homogeneity was considered the main
strength of this study, as all patients underwent definitive radiotherapy with or without
chemotherapy for HNC. In addition, all patients received the same radiotherapy technique,
RapidArc™, and oncologists assessed all side effects of radiotherapy with or without
chemotherapy weekly for all patients included. Furthermore, all information was obtained
from an electronic medical record designed for patients in the radiation field.

To the best of our knowledge, this is the first retrospective study to assess the ability to
predict CWL in HNC patients undergoing radiotherapy with or without chemotherapy in
Saudi Arabia. We recommend a larger sample size to further study the significant difference
between pharyngeal tumor sites among different regions in Saudi Arabia. In addition,
future research should attempt to investigate whether or not or to what extent different
nutritional interventions related to adverse side effects could effectively prevent CWL
during radiotherapy.

5. Conclusions

Weight loss is highly prevalent among HNC patients during treatment. Accordingly,
high pretreatment BMI, cancer in the oral cavity, and being male could be considered
predictive factors for CWL. However, factors such as having nasopharyngeal cancer, being
in stage III or IV, undergoing CCRT treatment, or receiving a radiation dose of at least 60 Gy
were found to have minimal impact on CWL. Mucositis and dry mouth are common toxic
side effects of weight loss in HNC patients. It is important to closely monitor and treat
these toxicities to minimize their impact on weight loss.
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As a future direction, it is recommended to assess pretreatment BMI, percentage
of weight loss, and nutritional intake and its influence on other parameters, e.g., body
composition, in a prospective study design. A further recommendation would be to monitor
treatment toxicities with respect to weight changes for each week during the treatment
for a more defined correlation. In addition, research that involves recruiting a sample of
patients receiving different types of chemotherapy and monitoring their nutritional status
throughout their treatment is warranted. By comparing the nutritional status of patients
receiving different types of chemotherapy, researchers can determine if certain treatments
have a more significant impact on nutritional status than others.

Author Contributions: Conceptualization, A.S.R. and FEA K.; Methodology, A.SR.,FAK, G AA,,
H.AA., A A.O. and FS.A.; Software, M.A.A. and S.O.A.; Validation, M\MM.G., A.FA., HA.A,,
S.0.A., AM.B. and M.A.G.; Formal analysis, WF.A., AM.B.,, M.A.G. and FS.A.; Investigation,
ASR. and AN.A.Y,; Resources, EFAK.,, MM.G., AFA.,, WEA. M.A.G. and A.A.O.; Data cura-
tion, FAK, M.A A, G A A. and N.H.A,; Writing—original draft, A.S.R.,, S.O.A., A.YA. and ES.A,;
Writing—review & editing, A.S.R., FAK, WFEA., AN.AY, AYA. and ES.A ; Visualization, A.S.R.
and A.M.B.; Supervision, A.FA., WE.A. and ES.A,; Project administration, M.A.A., G.A A, N.HA.
and W.E.A; Funding acquisition, M.M.G. and W.E.A. All authors have read and agreed to the
published version of the manuscript.

Funding: The authors declare that the research was conducted in the absence of any funding.

Institutional Review Board Statement: The study was performed in accordance with the Decla-
ration of Helsinki and approved by the Biomedical Ethics Committee at KAMC Research Center
(IRB approval number 21-771).

Informed Consent Statement: Written informed consent was waived due to the retrospective nature
of this study.

Data Availability Statement: The raw data supporting the conclusions of this article will be made
available by the authors without undue reservation. Please contact Firas Azzeh (fsazzeh@uqu.edu.sa).

Conflicts of Interest: The authors declare that the research was conducted in the absence of any
commercial or financial relationships that could be construed as potential conflicts of interest.

References

1.

Algahtani, W.S.; Almufareh, N.A.; Domiaty, D.M.; Albasher, G.; Alduwish, M.A.; Alkhalaf, H.; Almuzzaini, B.; Al-Marshidy, S.S.;
Alfraihi, R.; Elasbali, A.M.; et al. Epidemiology of cancer in Saudi Arabia thru 2010-2019: A systematic review with constrained
meta-analysis. AIMS Public Health 2020, 7, 679-696. [CrossRef] [PubMed]

Fitzmaurice, C.; Abate, D.; Abbasi, N.; Abbastabar, H.; Abd-Allah, F.; Abdel-Rahman, O.; Abdelalim, A.; Abdoli, A.; Abdollahpour,
I; Abdulle, A.S.M.; et al. Global, Regional, and National Cancer Incidence, Mortality, Years of Life Lost, Years Lived With
Disability, and Disability-Adjusted Life-Years for 29 Cancer Groups, 1990 to 2017: A Systematic Analysis for the Global Burden of
Disease Study. JAMA Oncol. 2019, 5, 1749-1768. [CrossRef] [PubMed]

Alhazzazi, T.Y.; Alghamdi, ET. Head and Neck Cancer in Saudi Arabia: A Systematic Review. Asian Pac. ]. Cancer Prev. 2016, 17,
4043-4048. [CrossRef] [PubMed]

Hesham, A.; Syed, K,; Jamal, B.; Alqahtani, A.; Alfaqih, A.; Alshehry, H.; Hameed, M.; Mustafa, A. Incidence, clinical presentation,
and demographic factors associated with oral cancer patients in the southern region of Saudi Arabia: A 10-year retrospective
study. J. Int. Oral. Health 2017, 9, 105-109. [CrossRef]

Langius, J.A.; Twisk, J.; Kampman, M.; Doornaert, P.; Kramer, M.H.; Weijs, PJ.; Leemans, C.R. Prediction model to predict critical
weight loss in patients with head and neck cancer during (chemo)radiotherapy. Oral. Oncol. 2016, 52, 91-96. [CrossRef]

Nazari, V,; Pashaki, A.S.; Hasanzadeh, E. The reliable predictors of severe weight loss during the radiotherapy of Head and Neck
Cancer. Cancer Treat. Res. Commun. 2021, 26, 100281. [CrossRef]

Giles, K.H.; Kubrak, C.; Baracos, V.E.; Olson, K.; Mazurak, V.C. Recommended European Society of Parenteral and Enteral
Nutrition protein and energy intakes and weight loss in patients with head and neck cancer. Head. Neck 2016, 38, 1248-1257.
[CrossRef]

Lin, YH.; Chang, K.P; Lin, Y.S.; Chang, T.S. Evaluation of effect of body mass index and weight loss on survival of patients with
nasopharyngeal carcinoma treated with intensity-modulated radiation therapy. Radiat. Oncol. 2015, 10, 136. [CrossRef]

Pandit, P; Patil, R.; Palwe, V.; Yasam, V.R.; Nagarkar, R. Predictors of Weight Loss in Patients With Head and Neck Cancer
Receiving Radiation or Concurrent Chemoradiation Treated at a Tertiary Cancer Center. Nutr. Clin. Pract. 2020, 35, 1047-1052.
[CrossRef]


https://doi.org/10.3934/publichealth.2020053
https://www.ncbi.nlm.nih.gov/pubmed/32968686
https://doi.org/10.1001/jamaoncol.2019.2996
https://www.ncbi.nlm.nih.gov/pubmed/31560378
https://doi.org/10.7314/APJCP.2016.17.3.1135
https://www.ncbi.nlm.nih.gov/pubmed/27644659
https://doi.org/10.4103/jioh.jioh_58_17
https://doi.org/10.1016/j.oraloncology.2015.10.021
https://doi.org/10.1016/j.ctarc.2020.100281
https://doi.org/10.1002/hed.24427
https://doi.org/10.1186/s13014-015-0443-3
https://doi.org/10.1002/ncp.10488

Cancers 2024, 16, 414 11 of 12

10.

11.

12.

13.

14.
15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Iftikhar, H.; Suhail, A.; Nathani, K.R.; Urooba, A.; Shahzad, N.; Awan, S.; Dhanani, R. Determination of Factors Associated with
Critical Weight Loss in Oral Cavity Carcinoma Patients: A Retrospective Cohort Study. Int. Arch. Otorhinolaryngol. 2018, 22,
395-399. [CrossRef]

Gilbride, J. Anthropometric Standardization Reference Manual. ]. Am. Diet. Assoc. 1989, 89, 872.

Lenbro, S.; Petersen, G.B.; Andersen, ].R.; Johansen, J. Prediction of critical weight loss during radiation treatment in head and
neck cancer patients is dependent on BMI. Support. Care Cancer 2016, 24, 2101-2109. [CrossRef] [PubMed]

Trotti, A.; Byhardt, R.; Stetz, J.; Gwede, C.; Corn, B.; Fu, K.; Gunderson, L.; McCormick, B.; Morrisintegral, M.; Rich, T.; et al.
Common toxicity criteria: Version 2.0. an improved reference for grading the acute effects of cancer treatment: Impact on
radiotherapy. Int. J. Radiat. Oncol. Biol. Phys. 2000, 47, 13—47. [CrossRef]

Maria, O.M.; Eliopoulos, N.; Muanza, T. Radiation-Induced Oral Mucositis. Front. Oncol. 2017, 7, 89. [CrossRef] [PubMed]

Ma, S.J.; Khan, M.; Chatterjee, U.; Santhosh, S.; Hashmi, M.; Gill, J.; Yu, B.; Iovoli, A.; Farrugia, M.; Wooten, K ; et al. Association
of Body Mass Index With Outcomes Among Patients With Head and Neck Cancer Treated With Chemoradiotherapy. JAMA Netw.
Open 2023, 6, €2320513. [CrossRef] [PubMed]

Pai, P.C.; Chuang, C.C.; Tseng, C.K,; Tsang, N.M.; Chang, K.P,; Yen, T.C.; Liao, C.T.; Hong, ].H.; Chang, ].T. Impact of pretreatment
body mass index on patients with head-and-neck cancer treated with radiation. Int. ]. Radiat. Oncol. Biol. Phys. 2012, 83, e93—e100.
[CrossRef]

Ottosson, S.; Zackrisson, B.; Kjellén, E.; Nilsson, P.; Laurell, G. Weight loss in patients with head and neck cancer during and after
conventional and accelerated radiotherapy. Acta Oncol. 2013, 52, 711-718. [CrossRef]

Lee, S.C.; Wang, T.J.; Chu, PY. Predictors of weight loss during and after radiotherapy in patients with head and neck cancer: A
longitudinal study. Eur. J. Oncol. Nurs. 2019, 39, 98-104. [CrossRef]

Zhang, Z.; Zhu, Y.; Zhang, L.; Wang, Z.; Wan, H. Prediction model of critical weight loss in cancer patients during particle therapy.
Jpn. J. Clin. Oncol. 2017, 48, 75-81. [CrossRef]

Fattouh, M.; Chang, G.Y.; Ow, T.J.; Shifteh, K.; Rosenblatt, G.; Patel, V.M.; Smith, R.V.,; Prystowsky, M.B.; Schlecht, N.F. Association
between pretreatment obesity, sarcopenia, and survival in patients with head and neck cancer. Head. Neck 2019, 41, 707-714.
[CrossRef]

Chang, W.C,; Yang, C.Y,; Lin, C.S.; Lin, C.K.; Chen, Y.W. Pretreatment body mass index as a prognostic predictor in patients with
oral squamous cell carcinoma. Clin. Oral. Investig. 2020, 24, 2781-2788. [CrossRef] [PubMed]

Bisht, N.; Singh, S.; Sarin, A.; Kapoor, A.; Gupta, S.; Mulajker, D.; Joshi, R. Weight Loss as a Nutritional Indicator in Head and
Neck Cancer Patients Undergoing Chemoradiotherapy: Contributing Factors and Its Impact on Disease Outcome. Nutr. Cancer
2020, 73, 1631-1637. [CrossRef] [PubMed]

Albergotti, W.G.; Davis, K.S.; Abberbock, S.; Bauman, J.E.; Ohr, J.; Clump, D.A.; Heron, D.E.; Duvvuri, U.; Kim, S.; Johnson, ].T.;
et al. Association of pretreatment body mass index and survival in human papillomavirus positive oropharyngeal squamous cell
carcinoma. Oral. Oncol. 2016, 60, 55-60. [CrossRef]

Ou, Q.; Cui, C.; Zeng, X.; Dong, A.; Wei, X.; Chen, M.; Liu, L.; Zhao, Y,; Li, H.; Lin, W. Grading and prognosis of weight loss before
and after treatment with optimal cutoff values in nasopharyngeal carcinoma. Nutrition 2020, 78, 110943. [CrossRef] [PubMed]
Gama, RR; Song, Y.; Zhang, Q.; Brown, M.C.; Wang, J.; Habbous, S.; Tong, L.; Huang, S.H.; O’Sullivan, B.; Waldron, J.; et al. Body
mass index and prognosis in patients with head and neck cancer. Head. Neck 2017, 39, 1226-1233. [CrossRef] [PubMed]

Do, W.; Elzerman, T.; de Bree, R.; Rosenberg, A.; Forouzanfar, T.; Van Cann, EM. Is low or high body mass index in patients
operated for oral squamous cell carcinoma associated with the perioperative complication rate? Int. |. Oral. Maxillofac. Surg. 2020,
50, 591-597. [CrossRef]

Abu Zaid, Z.; Kay Neoh, M.; Mat Daud, Z.A.; Md Yusop, N.B.; Ibrahim, Z.; Abdul Rahman, Z.; Jamhuri, N.; Abdul Azim, A.Z.
Weight Loss in Post-Chemoradiotherapy Head and Neck Cancer Patients. Nutrients 2022, 14, 548. [CrossRef]

Neoh, M.; Abu Zaid, Z.; Rahman, Z.; Jamhuri, N.; Kahairudin, Z.; Samwil, S.; Abdullah, A.; Ho, C.; Lai, B.; Ng, W.; et al. Factors
associated with malnutrition among head and neck cancer in-patients before radiotherapy in National Cancer Institute, Putrajaya.
Malays. |. Nutr. 2020, 26, 257-271. [CrossRef]

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]

Yanni, A.; Dequanter, D.; Lechien, J.R.; Loeb, I.; Rodriguez, A.; Javadian, R.; Van Gossum, M. Malnutrition in head and neck
cancer patients: Impacts and indications of a prophylactic percutaneous endoscopic gastrostomy. Eur. Ann. Otorhinolaryngol.
Head. Neck Dis. 2019, 136, S27-S33.

Langius, J.A.; Bakker, S.; Rietveld, D.H.; Kruizenga, H.M.; Langendijk, J.A.; Weijs, PJ.; Leemans, C.R. Critical weight loss is a
major prognostic indicator for disease-specific survival in patients with head and neck cancer receiving radiotherapy. Br. J. Cancer
2013, 109, 1093-1099. [CrossRef] [PubMed]

Ray-Chaudhuri, A.; Shah, K.; Porter, R.J. The oral management of patients who have received radiotherapy to the head and neck
region. Br. Dent. ]. 2013, 214, 387-393. [CrossRef] [PubMed]

Liu, S.; Zhao, Q.; Zheng, Z.; Liu, Z.; Meng, L.; Dong, L.; Jiang, X. Status of Treatment and Prophylaxis for Radiation-Induced Oral
Mucositis in Patients with Head and Neck Cancer. Front. Oncol. 2021, 11, 642575. [CrossRef] [PubMed]


https://doi.org/10.1055/s-0038-1641131
https://doi.org/10.1007/s00520-015-2999-8
https://www.ncbi.nlm.nih.gov/pubmed/26553031
https://doi.org/10.1016/s0360-3016(99)00559-3
https://doi.org/10.3389/fonc.2017.00089
https://www.ncbi.nlm.nih.gov/pubmed/28589080
https://doi.org/10.1001/jamanetworkopen.2023.20513
https://www.ncbi.nlm.nih.gov/pubmed/37368400
https://doi.org/10.1016/j.ijrobp.2011.11.071
https://doi.org/10.3109/0284186X.2012.731524
https://doi.org/10.1016/j.ejon.2019.02.004
https://doi.org/10.1093/jjco/hyx145
https://doi.org/10.1002/hed.25420
https://doi.org/10.1007/s00784-019-03141-2
https://www.ncbi.nlm.nih.gov/pubmed/31732879
https://doi.org/10.1080/01635581.2020.1807029
https://www.ncbi.nlm.nih.gov/pubmed/32799697
https://doi.org/10.1016/j.oraloncology.2016.07.003
https://doi.org/10.1016/j.nut.2020.110943
https://www.ncbi.nlm.nih.gov/pubmed/32861179
https://doi.org/10.1002/hed.24760
https://www.ncbi.nlm.nih.gov/pubmed/28323362
https://doi.org/10.1016/j.ijom.2020.07.023
https://doi.org/10.3390/nu14030548
https://doi.org/10.31246/mjn-2019-0094
https://doi.org/10.1016/j.critrevonc.2013.06.003
https://doi.org/10.1038/bjc.2013.458
https://www.ncbi.nlm.nih.gov/pubmed/23928661
https://doi.org/10.1038/sj.bdj.2013.380
https://www.ncbi.nlm.nih.gov/pubmed/23619856
https://doi.org/10.3389/fonc.2021.642575
https://www.ncbi.nlm.nih.gov/pubmed/33816293

Cancers 2024, 16, 414 12 of 12

34. Wang, X,; Eisbruch, A. IMRT for head and neck cancer: Reducing xerostomia and dysphagia. J. Radiat. Res. 2016, 57 (Suppl. S1),
169-i75. [CrossRef]

35. Acauan, M.D,; Figueiredo, M.A.; Cherubini, K.; Gomes, A.P; Salum, FE.G. Radiotherapy-induced salivary dysfunction: Structural
changes, pathogenetic mechanisms and therapies. Arch. Oral. Biol. 2015, 60, 1802-1810. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1093/jrr/rrw047
https://doi.org/10.1016/j.archoralbio.2015.09.014

	Introduction 
	Materials and Methods 
	Study Setting and Design 
	Patient Eligibility 
	Data Collection 
	Treatment and Toxicities 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

