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Abstract

Background and objectives: Dysphagia is a common side effect of radiation therapy for head and neck cancers, significantly impacting patients’ physical, social, and
emotional well-being. Validating efficient dysphagia-optimized radiotherapy techniques is crucial for improving health-related quality of life, a key determinant of curative
management strategies. This study aims to analyze the clinical and functional outcomes following radical radiation in head and neck cancer patients using dysphagia-
optimized radiation techniques.

Methods: This single-institution, prospective observational study assesses swallowing function clinically and using objective methods in patients with head and
neck cancer treated with dysphagia-optimized IMRT/VMAT. The Dysphagia Aspiration-Related Structures (DARS) were delineated separately, with dose limits set by the
DAHANCA guidelines. Clinical and objective assessments were conducted using ENT evaluation, clinical swallow study, UW QOL, and PSS HN questionnaires at 3- and
6-month intervals following radiation.

Results: Thirty-nine patients were enrolled, receiving either definitive or adjuvant radiation treatment with bilateral nodal irradiation. Significant differences in dysphagia
were observed at 6 months post-radiation (p < 0.01). Grade 1 to 2 (CTCAE V 5.0) dysphagia was noted in most patients at 3 months post-RT, improving markedly by 6
months post-RT. All patients were disease-free at the 6-month follow-up, demonstrating effective local control and improved QOL with dysphagia-optimized IMRT/VMAT.

Conclusion: Using dysphagia-optimized IMRT/VMAT reduces the dose to DARS structures, enhancing the quality of life for patients undergoing definitive or adjuvant
radiation therapy for head and neck malignancies without compromising local tumor control.

Introduction concurrent chemotherapy was proven to improve both local
control and overall survival. Thus, concurrent chemo radiation

Radical radiation therapy remains the mainstay of given at doses of 66-70Gy in 30-33 fractions has been proven
treatment in head and neck cancers, both in the primary as to be effective in achieving complete tumor response in head
well as in the post-operative settings [1]. The addition of and neck cancers and enables organ preservation [2]. However,
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delivery of such radical radiation doses is not without side
effects owing to the complex anatomy of the head and neck
region, where the tumor often lies in proximity to many
critical structures like the brainstem, spinal cord, DARS, and
parotid glands. Thus, improved disease control comes at the
cost of increased toxicity [1,3]. The advent of IMRT (Intensity
modulated Radiation Therapy) came as a breakthrough in
conformal radiotherapy. IMRT has gained attraction in head
and neck cancers due to its inherent ability to treat irregular and
concave-shaped treatment volumes lying in close vicinity to
the critical organs by achieving increased steep dose gradients
between the tumor and OARS, along with highly conformal
dose coverages [4,5]. Also, when compared to 3DCRT, IMRT
was found ideal in head and neck cancers as it allows sculpting
out the radiation doses to target volumes, allowing better
control of dose distributions within the PTVs. It also allows for
the Simultaneous Integrated Boost (SIB-IMRT) technique [6].
This avoids the need for sequential boosts, thereby producing
superior dose distributions while using the same plan for the
entire course of treatment. Thus, dose-intensified schedules
along with normal organ sparing became possible with IMRT.
Longer treatment time and need for increased monitor units
were the limitations of IMRT, which were tackled by VMAT
(Volumetric Modulated Arc Therapy), which delivered IMRT
in a continuous arc motion of the gantry with simultaneous
variations of dose rate, gantry speed, and MLC position [7].
VMAT thus resulted in faster treatment delivery along with
decreased monitor units, decreasing inter- and intra-fraction
movement. Radiotherapy-induced dysphagia is a major side
effect in head and neck cancer patients undergoing radical
radiation. Persistent dysphagia can lead to increased aspiration,
which in turn leads to prolonged tube feeding, psychological
disturbances, and a downward trend in health-related quality
of life [8]. The DARS trial has shown that do-IMRT (Dysphagia
Optimized IMRT/VMAT) has improved patient-reported
swallowing rates when compared with S-IMRT. In this study,
we aim to see whether using do-IMRT/VMAT can bring a
significant difference in the quality of life of head and neck
cancer patients by assessing their dysphagia post radiation
using clinical and objective methods.

Materials and methods

This single-arm prospective observational study assessed
swallowing function in head and neck cancer patients treated
with dysphagia-optimized IMRT/VMAT. No separate control
group (eg, conventional IMRT or 3D CRT) was included. The
study included 39 patients undergoing definitive or adjuvant
radiation therapy targeting the tumor site and bilateral
nodal areas. Swallowing function was evaluated clinically
and objectively using ENT evaluations, clinical swallow
studies, the UW-QOL (University of Washington Quality of
Life) questionnaire, and the PSS-HN (Performance Status
Scale for Head and Neck Cancer) questionnaire at 3 months
and 6 months post-radiation. UW-QOL is a patient-reported
outcome measure evaluating 12 domains, including pain,
appearance, activity, recreation, swallowing, chewing, speech,
taste, saliva, mood, and anxiety. PSS-HN is a clinician-
rated scale assessing normalcy of diet, public eating, and
understandability of speech. Both tools have been widely
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used to evaluate post-treatment functional outcomes in head
and neck cancer patients and are sensitive to swallowing-
related changes over time. In the dysphagia-optimized IMRT
technique, Dysphagia Aspiration-Related Structures (DARS)
were delineated with doses maintained within DAHANCA
guidelines. Key structures included the superior, middle,
and inferior constrictors, cricopharyngeus, esophageal inlet
muscle, cervical esophagus, supraglottic and glottic larynx,
and the base of the tongue. Dose constraints were <60 Gy for
the superior and middle constrictors, <50 Gy for the inferior
constrictor, cricopharyngeus, and esophageal inlet muscle, and
<44 Gy for the supraglottic and glottic larynx.

Since there was no control group, we did a contextual
comparison with historical controls from published literature
in reference to baseline characteristics of patients enrolled in
this study and outcomes for patients treated with conventional
IMRT in similar settings.

Patients were immobilized using thermoplastic masks, with
planning CT and fused MRI scans for better tumor delineation.
Radiation doses included 66-70 Gy in 30-33 fractions to the
high-risk PTV, 60 - 59.4 Gy to the intermediate-risk PTV,
and 54 Gy to the low-risk PTV. Concurrent chemotherapy with
Cisplatin at 40 mg/m?was administered unless contraindicated.
Functional grading of dysphagia followed the CTCAE v5.0
criteria. Statistical analyses used repeated measure ANOVA,
Friedman Test, Wilcoxon Signed Rank Test, and Fisher’s exact
test, with p < 0.05 considered significant. Data were analyzed
using SPSS version 20.0.

Results

A total of 39 patients were enrolled in the study. All patients
underwent either definitive or adjuvant radiation treatment to
the tumor site along with bilateral nodal irradiation. A median
age of 57 years (range: 38-78 years). The majority of patients
(80%) had locally advanced illness. The subsites included
oral cavity (56.4%), oropharynx (17.9%), larynx (15.4%),
and hypopharynx and nasopharynx together, less than 10%.
Ten months was the median follow-up period (range: six to
eighteen months). Baseline characteristics of patients are
given in Table 1.

Patient weight monitoring is a simple but very effective

method of monitoring dysphagia or feeding problems in head

Table 1: Overall distribution of baseline characteristics of patients included in the
study.

Median Age 57 years (range 38-78)

Gender (M: F) 28:11 (72% male)
Stage llI-IV 80%

Oral cavity- 56.4%
Oropharynx-17.9%
Larynx-15.4%
Others-<10%

Concurrent chemotherapy 85%

Subsite distribution

Bilateral nodal irradiation 100%
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and neck cancer patients. There is a significant correlation
between initial weight and weight at 3 months, while it is
reaching pre-treatment weight at 6 months. The mean value
of weight in kg at baseline is 61.4, which decreases to 55.6 at
3 months post-RT, and then slightly increases to 57.9 at 6
months post-RT, indicating a trend of initial decline followed
by partial recovery (Figure 1). To maintain nutrition, all patients
had either an NG tube or a PEG tube starting from the 2" week
of radiation till 6 weeks post RT.

FEES study (done at 6 months post-RT), which looks at
the presence or absence of food residue, showed 92.3% of
subjects showing no residue and 7.7% showing mild residue.
This highlights that the majority of subjects did not experience
significant residue accumulation post-RT.

The important muscular regions of the swallowing
apparatus received varying degrees of radiation doses. For each
site, two categories are depicted: less than and greater than
specific dose thresholds. The superior constrictor shows the
highest percentage (92.3%) of subjects receiving less than 60
Gy and a small percentage (7.7%) receiving more than 60 Gy
(Figure 2). Notably, the esophageal inlet muscle has a higher
percentage (87.2%) of subjects receiving less than 50 Gy,
while the cervical esophagus has a high percentage (92.3%)
for less than 50 Gy, and the glottic larynx shows a significant
distribution with 71.8% receiving less than 44 Gy (Figure 3).
Other sites, such as the middle constrictor, inferior constrictor,
cricopharyngeus, esophageal inlet muscle, cervical esophagus,
base of tongue, supraglottic larynx, and glottic larynx, show
varying distributions across the different dose categories.

Patient-reported outcomes were done using PSS HN and
UWQOL, out of which significant domains are discussed here.
Patient-reported outcome of swallowing at different stages
post radiotherapy (RT) treatment was assessed by UWQOL.
The swallowing domain included four questions, which were
given points in a Likert scale model. 4-I can swallow as ever,
3-1 cannot swallow certain solid foods, 2-1 can only swallow
liquid food, 1-I cannot swallow because it chokes me. It was
assessed 3 months post-RT and 6 months post-RT. 41% of
patients could only take liquids or pureed foods 3 months post
RT, whereas 6 months post RT, only 2.6% patients belonged
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Prior to RT 3 Months Post RT 6 Months Post RT

Figure 1: Comparison of weight (in Kg) at different stages.
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Figure 2: Percentage distribution of the sample according to FEES at 6
RT.
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Figure 3: Percentage distribution of the sample receiving doses above and below

the mean dose limits.

to this category. The remaining patients could eat semisolids
and solids. These results indicate an overall improvement in
dysphagia over time (Table 2).

Patient-reported outcome of taste at different stages post
radiotherapy (RT) is shown in Table 3. This domain of UWQOL
was also graded in a Likert scale fashion. 4- I can taste food
normally,3- I can taste most foods normally, 2-1 can taste
some foods, 1-1 cannot taste any foods. Around 50% of patients
could only taste some foods 3 months post RT, while 6 months
post RT, 50 % of patients could taste most foods normally.

All patients were disease-free clinically and radiologically
at 6 months follow up which in turn showed that effective
local control was also achieved along with better QOL using
dysphagia optimized IMRT/VMAT technique.

Discussion

This is a single-institution prospective observational study
to assess the swallowing function clinically and by objective
methods in head and neck cancer patients by using dysphagia
optimized IMRT /VMAT without compromising the dose to the
target. Dysphagia remains a challenging side effect of head and
neck radiotherapy, often leading to long-term complications
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Table 2: Patient-reported outcome of swallowing at different stages using UW-QOL.

-
Lo L% Lo %
2 16

41.0% 1 2.6%
3 21 53.8% 23 59.0% 23.27 p <0.001
4 2 5.1% 15 38.5%

Table 3: Patient-reported outcome of taste at different stages using UWQOL.

— 3 Months Post RT 6 Month Post RT
I
18

1 46.2% 0 0.0%
2 20 51.3% 19 48.7%
35.22 p <0.001
3 1 2.6% 20 51.3%
4 0 0.0% 0 0.0%

affecting patients’ health and well-being. The study found that
there was significant dysphagia at 3 months post-radiation, and
marked improvement was observed by 6 months, supporting
the hypothesis that optimized radiation techniques facilitate
recovery from acute dysphagia. This finding is consistent with
previous research that highlights the advantages of IMRT and
VMAT in minimizing dose to critical structures compared to
traditional 3DCRT [9-11]. Dysphagia optimized IMRT is a type of
planning technique used to spare the DARS structures, especially
the pharyngeal constrictor muscles lying in the intermediate
and low risk CTVs [9,12,13]. Out of the 39 patients, the majority
were males and above 60 years old. All patients completed the
3 and 6-month follow-up. We utilized dysphagia optimized
IMRTwhere DARS structures are separately delineated and the
dose to each structure is tried to be kept within dose limits
as set by DAHANCA guidelines, as several trials showed the
benefit of reducing the mean dose to DARS structures has an
immense effect on reducing dysphagia associated with head
and neck irradiation [13,14]. Our study showed improved
swallowing function observed in this study underscores the
importance of these techniques in achieving better functional
outcomes, which was similar to other studies [15-18]. The
use of multiple assessment tools, including ENT evaluations,
clinical swallow studies, and quality of life questionnaires
(UW-QOL and PSS-HN), provided a comprehensive view of the
treatment’s impact. The observed improvement in swallowing
function and quality of life at 6 months aligns with findings
from other studies that report enhanced patient outcomes
with dysphagia-optimized radiotherapy [19-23]. The impact of
radiation on taste can significantly affect patients’ nutritional
intake and overall quality of life, reinforcing the importance of
comprehensive care approaches that address both dysphagia
and taste alterations.

Comparison with conventional IMRT

While this study did not include a separate control arm,
the results can be meaningfully interpreted against published
outcomes for conventional IMRT. Multiple studies, including
the PARSPORT trial [4] and DARS trial [13], have demonstrated
the advantages of intensity-modulated and dysphagia-
optimized techniques in reducing doses to critical swallowing
structures. Mathew, et al. [9] reported higher mean doses
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to the superior constrictor and more persistent grade 2-3
dysphagia at 3 months post-treatment in patients treated
with conventional IMRT. In contrast, in our cohort, 92.3% of
patients received <60 Gy to the superior constrictor, with most
patients showing only grade 1 dysphagia at 3 months and near-
complete recovery of swallowing function by 6 months (Table
4) summarizes comparisons between conventional IMRT from
Mathew et al. and dysphagia optimised IMRT/VMAT used in
our study. The findings are also consistent with DARS and
PARSPORT trials, which demonstrated improved functional
outcomes without compromising tumour control when
swallowing structures were prioritized in IMRT planning.

Table 4: Key comparisons between conventional IMRT from a published study® and
dysphagia optimized IMRT/VMAT used in our study.

Parameter Conventional Dysphagia optimized IMRT/VMAT
IMRT [9] (present study)

Mean dose to superior

. >60 Gy common 92.3% of patients <60 Gy
constrictor
Oropharynx.
Common subsite pharynx/ Oral cavity
Larynx

Dysphagia at 3 months = More grade 2-3 Mostly grade 1

Swallowing recovery at 6 Gradual, less Significant improvement, most on
months complete solids
Feeding tube >2 months =~ More frequent Rare
UW-QOL llowi
,Q swallowing Slower Marked by 6 months
improvement
Conclusion

This single-institution prospective observational study is
limited by its sample size and lack of a control group. The short
follow-up period (up to 6 months) may not capture long-term
dysphagia outcomes. Additionally, while multiple assessment
tools were used, subjective measures like patient-reported
outcomes may introduce bias. Further multicenter studies with
larger cohorts and longer follow-ups are needed to validate
these findings and to assess broader applicability. This study
concludes that dose to DARS structures can be reduced by using
dysphagia optimized IMRT/VMAT, which in turn leads to better
quality of life in patients undergoing radical radiation therapy
for head and neck malignancies without compromising the
tumor control.

Data availability

The datasets used and/or analyzed during the current study
are available from the corresponding author on reasonable
request.
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