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Abstract

Objective: Early nutritional intervention through enteral feeding can reduce treatment alterations and complications in patients with Oropharyngeal Cancer (OPC)
undergoing Chemoradiation Treatment (CRT). There is no conclusive evidence supporting prophylactic (pPEG) versus reactive PEG. Prolonged PEG dependence is a
concerning adverse effect of pPEG. Recognition of risk factors for pPEG can trigger early interventions to prevent prolonged dependence. This study aims to identify the
risk factors for prolonged pPEG dependence in a sample of oropharyngeal cancer patient population treated with concurrent chemoradiotherapy at our institution.

Methods: This is a retrospective analysis of 75 OPC patients with definitive CRT and pPEG tube placement at our institution. The relationships between potential
predictors and time to pPEG tube removal were evaluated using Cox proportional hazards univariate and multivariate modeling.

Results: Prophylactic PEG tube use at one year was 15.1% based on estimates from the Kaplan-Meier curve. After adjusting for patient- and treatment- factors,
mucositis grade and advanced cancer stage remained significant predictors of delayed pPEG tube removal in the multivariate model.

Conclusion: High grade mucositis, tumor location, and advanced cancer stage contribute to delayed pPEG tube removal, but these characteristics may also place
patients at highest risk for reactive PEG tube placement. Although this study is limited in size and design, it describes the characteristics of a population with pPEG
placement, as well as factors for delayed PEG tube removal.
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Introduction

Over 60% of patients with Oropharyngeal Cancer (OPC)
present with advanced disease, 40% of whom are nutritionally
compromised at diagnosis [1]. Patients with OPC are at risk for
malnutrition secondary to cancer-related cachexia, concomitant
smoking and alcohol abuse, and inherent anatomical factors
precluding normal swallowing function [2,3]. Because of
involving base of tongue, locally advanced OPC often requires
concurrent Chemotherapy and Radiotherapy (CRT) on primary
tumor and bilateral neck. Such intensive regimen worsens
significantly the nutritional imbalance via treatment-related
mucositis, esophagitis, odynophagia, xerostomia and dysgeusia
[4-7]. Significant weight loss during and after treatment
is a major risk factor for treatment interruptions, hospital
admissions and infections [6]. Accordingly, these nutritional
deficiencies have been identified as adverse prognostic factors
in oncologic outcomes, including reduced treatment response
and increased cancer recurrence [8] as well as negatively
influencing overall survival [9].

Retrospective studies have concluded that early nutritional
intervention via inserting prophylactic percutaneous
endoscopic gastrostomy (pPEG) tubes before CRT initiation
improves weight and nutrition metrics, reducing treatment-
related complications and this may result in reduced treatment
interruptions and hospitalizations [4,5,10,11]. However, there
has been concern that pPEG may contribute to increased risk
of late swallowing dysfunction, due to PEG reliance, causing
secondary disuse atrophy of swallow muscles [12]. Prolonged
dependence remains the most concerning adverse effect of PEG
tube placement. It has been shown that poor performance status,
pre-treatment dysphagia, and chemotherapy administration,
were significantly associated with increased PEG dependence
[13]. In a recently published large multicenter study, both
practices of prophylactic and reactive PEG tubes were evaluated
[14]. Patients who received accelerated radiation therapy
were less likely to be PEG tube dependent at 1 year. Factors
that were significantly associated with PEG tube dependence
included advanced age > 50 years, increased smoking packing
years, N stage, and concurrent cytotoxic chemotherapy
administration. In this study, prophylactic PEG tube placement
was not predictive of 1year PEG-tube dependence [14]. In high
performance status patients, gabapentin use was associated
with decreased PEG tube dependence, suggesting that
gabapentin may be used for prophylactic pain management to
improve swallow muscle use and decrease atrophy. Factors that
influence pPEG tube dependence. especially in specific head
and neck cancer patient populations with high risk of intensive
mucositis and nutrition alterations through the treatment,
such as patient with oropharyngeal cancer, should be further
identified and reported. Recognition of such characteristics
could lead to development of early interventions that can
reduce PEG tube dependence.

The goal of this retrospective, single-institution study, on
patients with oropharynx cancer treated with CRT, and who
had pPEG placement for nutritional support, is to evaluate
the incidence of delayed tube removal and to identify the
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characteristics that may be associated with prolonged PEG
dependence.

Materials and methods
Study population

This is a single institution retrospective study approved by
the Institutional Review Board. Consecutive patients with OPC
treated with definitive concurrent CRT regimens over five years
were identified within the Cancer Registry. Patients treated
adjuvantly, treated at other hospitals, or with less than three
months of follow-up were excluded. Per institutional practice,
PEG tube placement was recommended prophylactically for all
patients with OPC for whom CRT was planned. Only patients
who had pPEG tubes placed before the beginning of CRT or
within the first 3 weeks of CRT were included in this study.
Patients’ electronic medical records were reviewed to capture
data on the outcome variable and covariates of interest.

Outcome variable

The outcome variable was time to pPEG tube removal
(days). To address the primary endpoint, duration of feeding
tube usage, including duration after the end of 6-week
chemoradiation therapy and failure to remove the feeding tube
at last follow-up, was documented. Continued use of pPEG
tube from the time of treatment completion until removal was
defined as the time period of dependence and was assessed at
1-2 month intervals for the first year following therapy and
every 3 months thereafter.

Covariates of interest

Patient characteristics considered included the following:
Age at diagnosis; sex; race (White, African American); cancer
site (tongue base, tonsil, unknown primary); T stage, N stage;
M stage; TNM stage (III, IVA, IVB, IVC); human papilloma
virus (HPV) status; alcohol use; smoking status; and pPEG tube
placement (before CRT, within 3 weeks of CRT). HPV status was
defined based on polymerase chain reaction (PCR) testing in all
but two cases [15,16]. Patients were considered former smokers
if they had more than a ten pack-year history and had quit less
than one year before diagnosis.

Treatment characteristics included: Radiotherapy dose
(Gy), number of fractions, chemotherapy use (Definitive CRT,
induction chemotherapy followed by CRT) and type (cisplatin,
carboplatin and paclitaxel, cisplatin and cetuximab, docetaxel),
RT Technique (3DCRT, IMRT), and treatment duration (number
of days). Total treatment doses and oral cavity/oropharynx
maximum and mean doses were recorded.

Nutrition and swallowing function parameters included:
PPEG tube removed prior to last follow-up (yes, no), highest
grade of mucositis (grades 1-2 vs 3-4), and presence of
excessive mucus production during and immediately after
treatment (yes, no). Dysphagia was assessed by referral for
swallowing evaluation (yes, no), vallecula penetration (yes,
no), substance penetration by flexible endoscopic evaluation of
swallowing (FEES) (yes, no), documented aspiration (yes, no),
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treatment received for dysphagia (yes, no) during the follow-
up period, and patients’ ability to take oral nutrition at the end
of treatment (yes, no). Hospitalization (yes, no) and weight
change (Ibs) were documented. Serial body weight, BMI, the
Geriatric Nutritional Risk Index (GNRI) and albumin at the
initiation and completion of treatment, and 3, 6 months post-
treatment were also recorded. Aspiration was defined based
on diagnosis from a swallowing study, laryngeal penetration
by FEES, or sequelae of aspiration on chest CT. Mucositis was
graded using the Common Terminology Criteria for Adverse
Events v3.0 (CTCAE). GNRI has been defined previously (GNRI
= [1.489 x albumin (g/L)] + [41.7 (weight/ideal weight by
Lorentz equation)]) [17].

Statistical analysis

Descriptive statistics were calculated for variables of
interest. Continuous measures were described using the
median and interquartile range and assessed for differences
across groups using the Wilcoxon signed rank test. Categorical
variables were described using frequencies and assessed for
homogeneity using Fisher’s exact and chi-square tests. A
univariate Cox proportional hazards analysis was employed
to estimate the influence of each covariate on time to pPEG
tube removal. A multivariate logistic regression model was
fit to determine the relative contribution of patient-related
factors in predicting time to pPEG tube removal. Covariates
were selected for consideration in the multivariate model if
their p-value was less than 0.2 in univariate analysis and if
they met Cox proportional hazards model assumptions. All
possible two-way interactions were tested for variables that
met these criteria and those with interactions were excluded.
Final selection employed backwards stepwise regression with
variables retained if their p-value was less than 0.05 or if a
prior knowledge supported their inclusion. All statistical tests
were performed using 2-sided tests, and all analyses were
performed in SAS, version 9.2 (SAS Institute, Inc.).

Results

75 patients were included in the study. The patient and
treatment-related characteristics are detailed in Table 1.
Approximately 90.7% of the study population received pPEG
tube placement before treatment, with only 9.3% having pPEG
tube placement within 3 weeks of starting treatment. The 3, 6
month, and 1 year pPEG tube dependence rates were 59.2%,
35.5%, and 15.1%respectively, with only seven patients having
persistent pPEG tubes at death or last follow-up.

Treatment characteristics

All patients received CRT. Ten patients (13.3%) received
induction chemotherapy with docetaxel, cisplatin, and
5-fluorouracil before definitive RT and chemotherapy. The
radio-sensitizing chemotherapy regimens included cisplatin
(72%); cisplatin and cetuximab (according to Radiation Therapy
Oncology Group [RTOG] 0522 [NCT00265941]) (4 %); weekly
carboplatin and paclitaxel (8 %); and docetaxel (2.7 %) (due
to advanced renal failure). Sixty-one patients (81.3%) received
radiotherapy with an IMRT technique. The median duration of
CRT was 49 days (IQR 49 to 51) (Table 1) Figure 1.
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Table 1: Patient and Treatment Characteristics.

N'  M2(IQR%) /%

Age years 75 57 (51-65)
Sex Female 12 16.0
Male 63 84.0
Race White 65 85.5
African American 11 14.5
Site Base of Tongue 25 33.3
Tonsil 47 62.6
Unknown Primary 3 4.0
T Stage Tx 3 4.0
T1 20 26.7
T2 27 36.0
T3 11 14.7
T4 14 18.7
N Stage NO 3 4.0
N1 8 10.7
N2a 2 2.6
N2b 30 40.0
N2c 27 36.0
N3 5 6.7
M Stage MO 72 96.0
M1 3 4.0
TNM Stage 1 8 10.7
IVA 57 76.0
IVB 7 9.3
IvC 3 4.0
HPV Status Negative 18 24.0
Positive 57 76.0
Alcohol Use Active 28 37.8
Occasional/Never 46 62.2
Smoking Status Never 44 58.7
Active/Former 31 41.3
pPEG Tube Placement Before CRT 68 90.7
Within 3 weeks of CRT 7 9.3
Radiotherapy Dose (Gy*) 75 70 (70-70)
Fractions 75 35 (35-35)
Chemotherapy Definitive CRT® 65 86.7
Cisplatin 54 72.0
Other® 11 14.7
Induction to Definitive CRT 10 13.3
RT Technique 3DCRT® 14 18.7
IMRT’ 61 81.3
CRT Duration days 75 49 (49-51)

"Number of patients, 2Median, Interquartile range, *Gray, *Chemotherapy and
radiation therapy, ®Three-dimensional conformal radiotherapy, ’Intensity modulated
radiotherapy, éCarboplatin and paclitaxel, Cisplatin & Cetuximab, Docetaxel
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Nutrition and swallowing function

The median time to tube removal was 122 days (95% CI
61-228) (Figure 1). The pPEG tube was removed in 90.7% of
patients by study completion (Table 2). Persistent pPEG tubes
was due to death from progressive disease (5 patients), and

Time to pPEG Removal
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Figure 1: Time to pPEG Tube Removal.

A Kaplan Meier curve illustrating the probability (y-axis) of removal of pPEG tube
over time in months (x-axis). Below the time on the x-axis indicates the number of
individuals remaining with pPEG tube placement.

Table 2: Swallowing Function, Interventions and Outcomes.
: M? (IQR3) /
Column %

N

pPEG tube removed prior to last follow

up No 7 9.3
Yes 67 90.7
Time to Removal (days) 75 122.0(61.0-228.0)
Mucositis Grade Grade 1-2 36 47.3
Grade 3-4 39 52.7
Excessive Mucous Production No 19 25.0
Yes 56 75.0
Swallowing Evaluation* No 23 30.3
Yes 52 69.7
Vallecula Penetration Absent 49 65.8
Present 26 34.2
Aspiration* No 31 40.8
Yes 44 59.2
Received Dysphagia Treatment No 29 38.2
Yes 46 61.8
Oral Intake at Treatment Completion No 26 34.7
Yes 48 65.3
Hospitalization* No 53 72.0
Yes 21 28.0
Weight Change* Ibs 73 -4.95(-10.2-0.50)
GNRI® Change* unit 58 4.36(-0.97-11.29)

BMI° Change* kg / heightinm? 73 -0.76 (-1.36-0.03)
0.6 (0.2-0.9)

"Number of patients, 2Median, *Interquartile range, “From treatment start to follow-
up (3 months), SGeriatric Nutritional Risk Index, ®Body Mass Index

Albumin Change* a/L 54
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lost to follow-up (2 patients). Table 2 further describes clinical
variables associated with swallowing function, interventions
and outcomes of those patients on the study. While 65.3% took
a spectrum of oral nutrition at completion of CRT, 59.2% of
patients were found with aspiration by FEES or CT scan. 28%
of patients were hospitalized during or after treatment for
management of CRT-associated complications.

Longitudinal evaluation of nutritional indices

Longitudinal changes in patient BMI, GNRI, weight and
albumin are shown in Figure 2. The median weight change from
treatment initiation to treatment completion was -11% (-17.2
Ib, IQR, -28.6 to -9.5 Ibs), with a 9% decrease in BMI, both of
which were most significant following treatment completion.
Median and mean weights of the cohort changed modestly over
time and plateaued at three months. Change in serum albumin
appeared to be the most sensitive to changes in nutritional
status. Composite indices such as BMI and GNRI had smaller
fluctuations across the treatment and post- treatment interval.

Predictors of delayed ppeg tube removal

A univariate cox proportional hazards analysis (Table 3)
demonstrated that treatment site (base of tongue vs. other)
(HR 0.76, 95% CI 0.45-1.28, p = 0.192), mucositis grade (3-4
vs. 1-2) (HR 0.79, 95% CI 0.49-1.30, p = 0.201), presence of
documented aspiration (HR 0.24, 95% CI 0.11-0.53, p < 0.001),
documented presence of vallecula residue (HR 0.56, 95%
CI 0.34-0.92, p = 0.02), and weight loss during treatment
(HR 0.98, 95% CI 0.961-1.000, p = 0.055) were factors that
decreased the probability of pPEG tube removal (p < 0.2) (Table
4).

Radiotherapy dose, delivery technique, and chemotherapy
type did not impact pPEG tube duration. After adjusting for
patient- and treatment-related factors, increasing mucositis
grade (3-4 vs. 1-2) (HR 0.55, 95% CI 0.32-0.95, p = 0.03) and
clinical stage ([IV B, C vs III, IVA]; 3-4 vs. 1-2) (HR 0.36, 95%
CI 0.15-0.91, p = 0.03) remained statistically significant in the
multivariate model (Table 4). Weight change during treatment
lost significance in the final model (HR 0.98, 95% CI 0.96-1.0,
p = 0.187).

Discussion

Timing of supplemental enteral nutrition in the
management of patients with OPC remains controversial, with
institutional preference often driving pPEG versus reactive G
tube placement. Our institutional practice is to recommend
PEG tubes prophylactically in all patients who undergo
definitive CRT. Some centers selectively place gastrostomy
tubes in patients at high risk based on anatomic [18] nutritional
status [19] or pre-existing swallowing impairment. Others
believe that elective enteral feeding may compromise long-
term swallowing function via disuse [20] or that the risks of
complications related to placing pPEG tubes outweigh their
benefits [21]. Recognizing modifiable patient characteristics
that may prolong PEG tube dependence may help to identify
at-risk patients in the pre-treatment stage; providing an
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opportunity for early intervention through prophylactic pain
management or aggressive speech and swallow therapy.

Our 1 year PEG tube dependence was 15.1% while Setton,
et al. (2015) showed 1 year dependence rate of 8.6 % [14].
As mentioned previously, their study showed that cytotoxic
chemotherapy administration was predictive of PEG tube
dependence based on both univariate and multivariate analyses.
These findings correlate with our higher rate of PEG tube
dependence, as 100% of the patients in our study population
underwent concurrent CRT. In the prior study, only 65.2%
received cytotoxic chemotherapy, with the remainder receiving
radiation therapy only [14]. Treatment-related adverse effects
of chemotherapy (nausea, vomiting, anorexia) accentuate
malnutrition, likely leading to greater PEG dependence.

Advanced stage T3/4 disease has been noted to prolong
PEG tube dependence [22]. Similarly, we found that patients
with advanced stages (IV B and C) experienced prolonged
time to pPEG tube removal and influence of disease stage
was maintained after adjusting for other potential covariates
(HR 0.36, 95% CI 0.15-0.91, p = 0.030). The influence of
primary site location was also significant in predicting PEG
dependence. placement. Similarly, studies that identified the
oropharynx as an at-risk subsite often had more patients with
disease subsites at the base of the tongue [18]. In our cohort,
patients with primary disease at the base of the tongue had a
median time to pPEG tube removal of 187 days (95% CI 120-

249) vs. 123 days for other subsites (95% CI 80-150; p = 0.18).
This is likely because a significant amount of the pharynx is
involved in the treatment field, and dysphagia is more common
in this tumor location. Although the primary site of disease
met the criteria in our univariate analysis for inclusion into
the multivariate analysis, primary site became borderline
significant after adjusting for other influential covariates (HR
0.58, 95% CI 0.33-1.01, p = 0.052).

Treatment-related adverse effects including mucositis,
xerostomia, dysphagia, and dysgeusia commonly exacerbate
malnutrition. Grade 3 or worse mucositis have been reported to
develop in about 50% of patients undergoing concurrent CRT,
similar to our findings, where grade 3-4 mucositis occurred
in 52.6% of the cohort [4,17,23]. These patients experience
a longer time to pPEG tube removal compared with patients
experiencing grade 1-2 mucositis (p = 0.2). After adjusting
for other patient- and treatment-related factors, the grade of
mucositis was statistically significant (HR 0.55, (95% CI 0.32-
0.95, p = 0.030). The resultant pain and inflammation is a well-
known contributor to treatment-related anorexia and resultant
nutritional decline [24]. Prophylactic pain management may
facilitate early nutritional recovery.

HPV-positive patients may be more susceptible to
treatment-related insult, thus increasing risk of pPEG tube
dependency [25]. Tobacco use may reduce mucosal sensitivity,
and thus may reduce the incidence of pPEG tube dependence
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[25]. It has previously been shown that HPV positivity as
well as non-smoking status are associated with an increased
frequency of high grade mucositis among patients with OPC
undergoing definitive CRT, but neither had a statistically
significant impact on pPEG tube duration [26]. Similarly, in
the current cohort neither HPV status nor tobacco use were
associated with delayed pPEG tube removal.

Dysphagia from tumor effects and CRT therapy lead
to aspiration, and is another major contributing factor to
malnourishment and hospital stays [6]. The presence of
documented aspiration (to any degree) significantly increased

Table 3: Predictors of pPEG Tube Duration - Univariate Analysis.

N HR' (95% CI?) p-Value
Age Years 75  0.99(0.96,1.02) 0.59
Sex Female 12 1.36 (0.69, 2.68) 0.38
Male 63 ref '
Race AAS 11 0.99(0.49,2.01) 0.9
White 64 ref '
Anatomic Site Tongue Base — ,5 476 (0.45,1.28)
Other 0.19
50 ref
N Stage N2b-N3 62  1.57(0.82,3.03) 017
NO-2a 13 ref ’
M Stage M1 3 1.06 (0.26, 4.38)
9 Mo L610.25, 4. 0.93
72 ref
TNM Stage IVB-C 10 0.42 (0.18,0.99) 0.47
1I-IVA 65 ref '
HPV Status Positive 57 1.16 (0.66, 2.04)
. 0.62
Negative 18 ref
Alcohol Use Active 28 0.85(0.51,1.43) 0.55
Occasional/Never 47 ref '
Smoking Active/Former 31 1.02 (0.62,1.67) 0.94
Never 44 ref '
IMRT Used Yes 61 1.10(0.59, 2.07) 076
No 14 ref '
" Grade 3-4
Mucositis Grade Grade 1-2 39 0.79 (0.49, 1.30) 0.20
36 ref
E ive M
ch;z':j’jcﬂsso”s Yes 56 1.19(0.67,2.12) 055
No 19 ref ’
Absent
Vallecula Penetration sen 26 0.56(0.34,0.92)
Present 0.02
49 ref
Aspiration ves 44 024(0.11,0.53)
P No AAEA LT <0.001
31 ref
Received Dysphagi
ece'IIY:aatrr)::gt aga Yes 46 078(047,128) .
No 29 ref '
Oral Intake
at Treatment Yes 49 1.50 (0.89, 2.50) 012
Completion No 26 ref '
Weight Change* Ibs 73 0.98 (0.96, 1.00) 0.055
GNRI® Change* unit 62 1.01 (0.97,1.05) 0.60
BMI¢ Change* kg / height in m? 73 0.89 (0.74,1.08) 0.24
Albumin Change* g/L 58 1.06(0.61,1.81) 0.85

'Hazard Ratio, 2Confidence interval, 3African American, *From treatment start to
follow-up (3 months), Geriatric Nutritional Risk Index,Body Mass Index, ref =
referent group
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Table 4: Predictors of pPEG Tube Duration — Multivariate Model.

N HR' (95% CI?) p-Value
Mucositis Grade Grade 3-4 39 0.55(0.32,0.95) 0.030
Grade 1-2 36 ref ’
TNM Stage IVB-C 10 0.36 (0.15,0.91) 0.030
-IVA 65 ref
Primary Site Tongue Base 25 0.58 (0.33,1.01) 0.052
Other 50 ref ’
Aspiration Yes 45 0.61(0.36, 1.04) 0.067
No 31 ref
Weight Change?® Ibs 73 0.98 (.96, 1.0) 0.19

"Hazard Ratio, 2Confidence interval, *Weight Change from Treatment Start to 1%
Follow-up at 3 months, ref = referent group

the time to pPEG tube removal (p < 0.001). Aspiration remained
significant in the multivariate model after adjusting for other
influential covariates (HR 0.61, 95% CI 0.36-1.04, p = 0.067).
A study showed It was reported that if unconstrained during
treatment planning, increased radiation dose to the pharyngeal
constrictors, glottis, and supraglottic larynx can lead to
long-term dysphagia and aspiration [3]. Furthermore, they
showed that advanced planning with use of IMRT to constrain
oropharyngeal structures can improve swallowing and eating.
Patients in our study were treated without a constrictor/
swallowing structure-sparing approach and as a result, our
study population may have been more prone to radiation-
related swallowing dysfunction.

The most significant change in weight and BMI was noted
following treatment completion (11% and 9%, respectively),
with the nutritional decrement plateauing after three months.
Similarly, other groups have noted a median percent weight loss
of 2.9-10% in patients with OPC with PEG tube placement [19].
Weight change was only borderline significant after adjusting
for other patient- and treatment- related factors (p=0.190),
and significance was lost in the multivariate analysis. This
suggests that while nutritional factors often drive early usage
and need for pPEG tubes, other factors such as swallowing
dysfunction are more likely to drive pPEG dependence.

Although this study is limited by size and retrospective
design, however, this design allowed for a greater sample size
to study a population in which 100% undergo CRT and pPEG
placement. Additional limitations include heterogeneity in
disease stage and extent of disease, which can significantly
alter the pretreatment swallowing profile. Additionally, there
was inconsistent use of IMRT or 3DCRT, the variety and
exposure of which may impact dose distributions to swallowing
muscles and thus, long-term function 3. Despite this, a number
of strong influential factors (mucositis grade, advanced TNM
stage, and primary site) have substantial impact on delayed
PPEG removal. Recognition of these factors warrant continued
study to identify potential subpopulations that may benefit
from early intervention.

Per institution protocol, patients undergoing CRT have
an early initiation of consistent swallowing evaluations and
exercises during treatment. More than half (65.3%) of patients
were on a spectrum of oral intake at the end of treatment. Our
3month pPEG tube dependence rate was 59.2%. These results
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are similar to other published series of OPC patients that
documented 3 month pPEG tube dependence rates of 51% [27].
While we routinely recommend that patients receive aggressive
speech and swallow therapy to prevent persistent dysphagia,
this study did not show that it was significantly associated
with decreased PEG tube dependence. However, the aim of
this study was to retrospectively evaluate factors associated
with pPEG tube dependence, and further randomized control
trials would be necessary to evaluate the potential efficacy of
aggressive speech and swallow therapy in reducing pPEG tube
dependence.

Conclusion

Advanced disease stage, tumor location (tongue base), grade
3-4 mucositis, and presence of aspiration influenced time to
PPEG tube removal. Our high rates of pPEG tube dependence
likely correlate with the study population’s advanced tumor
stage and use of concurrent chemoradiotherapy. Patients
identified with these risk factors should be rigorously
evaluated for intensive early swallowing and supportive care
interventions. Further studies are necessary to clearly evaluate
and treat modifiable factors.
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