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ABSTRACT

Background: This single-arm pilot study evaluated feasibility, safety, and outcomes of expiratory muscle strength training
(EMST) in head and neck cancer (HNC) with radiation-associated dysphagia (RAD).

Methods: Thirty disease-free HNC survivors (>3 months post-radiotherapy, median 16 months) with evidence of aspiration
(penetration-aspiration scale [PAS] >6) underwent an 8-week EMST protocol (25 repetitions, 5days/week). Pre- and post-
intervention assessments included maximum expiratory pressure (MEP), voluntary cough peak expiratory flow (PEF), video-

fluoroscopy, and patient-reported outcomes.

Results: Twenty-six participants (87%) completed the trial, with high adherence (89% sessions attended; 91% repetitions com-
pleted). Adverse events occurred in 8/30 (26.7%). MEP significantly increased by 66% (p <0.001); PEF showed a non-significant
8% increase (p=0.23). PAS and IDDSI-Functional Diet Scale scores improved in 38% (p <0.05).

Conclusion: EMST is feasible, safe, and improves expiratory and swallowing function in aspirating HNC survivors, warranting

randomized trials.

1 | Introduction

Impaired airway protection is a major concern after radiother-
apy (RT) for HNC (HNC). It is estimated that 10%-14% of HNC
survivors treated with RT develop pneumonia within 2years
of head and neck radiotherapy [1], and lifetime risk approaches
25% after chemoradiation [2]. Pneumonia is associated with a

42% excess risk of death in cancer survivorship [2], account-
ing for approximately 20% of non-cancer related deaths in
this population [3]. The past two decades saw great progress
in both swallowing specific supportive care, proactive swal-
lowing therapy [4-7], and swallowing optimized RT delivery
to reduce risk of dysphagia and aspiration pneumonia [8, 9].
Still, the prevalence of aspiration pneumonia was unchanged
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based on population level data from SEER-Medicare when
comparing cohorts of patients treated 2002-2011, highlight-
ing the need for ongoing efforts to optimize airway protection
in this population [1].

Airway protection relies on coordinated functions in the aerodi-
gestive tract and respiratory system. Troche and colleagues [10]
proposed a continuum of behaviors necessary to protect the
airway both during swallowing (prevention) and in response
to foreign material (ejection). Expiratory muscle strength train-
ing (EMST), a pressure-threshold respiratory exercise device,
was originally developed to improve pulmonary function in
vocal performers and athletes [11]. Its use has since expanded
to clinical populations with, or at risk for, airway protection
impairment, where it has been studied and implemented as a
therapeutic intervention to improve pulmonary and upper air-
way function. In various prospective trials, a progressive EMST
program of 4-8weeks duration has shown to improve maxi-
mum expiratory pressures (MEP), a marker of subglottic expi-
ratory force generating capacity, by 25%-41% among healthy
volunteers and neurogenic populations (PD, ALS, and CVA)
with, or at risk for, aspiration [12-15]. In HNC, retrospective
studies also suggest potential therapeutic benefit. A retrospec-
tive case series of 64 HNC survivors with radiation-associated
aspiration (penetration-aspiration scale [16] [PAS]>6) who
completed an 8-week EMST program reported an average 57%
increase in MEP and improvement in Dynamic Imaging Grade
of Swallowing Toxicity (DIGEST [17, 18]) swallow safety scores
in 30% of participants [19]. In a subset of 23 participants from
the same study, 36% with below-predicted baseline MEP nor-
malized after training [19]. A separate prospective feasibility
trial in six patients with a history of supracricoid partial laryn-
gectomy demonstrated improved peak expiratory flow (PEF) of
voluntary cough (PEF; by 21% on average) and dyspnea scores
post-EMST, although no instrumental swallowing assessments
were conducted [20].

It is hypothesized that the underlying mechanism for these
improvements involves enhanced airway protection through
the strengthening of the expiratory muscles involved in cough,
as well as increased activation of the swallowing musculature
in response to the progressive load imposed by the pressure
threshold device over the training period [21, 22]. Transference
of this exercise task to swallowing and cough is not, however,
consistently found in clinical studies. For instance, four studies
reported improvements after EMST in airway protection (per
PAS) [23, 24] or severity of pharyngeal dysphagia (per DIGEST)
on modified barium swallow (MBS) studies in PD, ALS, and
HNC populations [15, 19], while two other trials failed to de-
tect differences in measures of swallowing function [14, 25].
Impact of EMST on cough function in pathologic populations
also varies in published studies, with only a few trials reporting
improvements such as cough PEF rise and cough volume accel-
eration in reflexive coughs [14] and compression phase duration,
expiratory rise time, and cough volume acceleration in volun-
tary coughs [23].

In light of these mixed findings, further study is warranted,
particularly in HNC survivors, where post-radiotherapy as-
piration is associated with reduced MEP and PEF compared
to survivors with no evidence of aspiration [26]. This pilot,

single-arm prospective feasibility trial was therefore con-
ducted to examine the therapeutic potential of EMST in survi-
vors with chronic aspiration (defined as toxicity that persists
or develops beyond the acute phase of radiation-related injury
[27]) after head and neck radiotherapy, assess the tolerabil-
ity of formal EMST regimens in a symptomatic survivorship
setting, and afford effect-size estimation for future random-
ized trials. Therapeutic potential was assessed to ascertain
objective completion rate (feasibility endpoint), instrumental
change in MEP (primary endpoint), and change in swallow-
ing, cough, and patient-reported measures (secondary end-
points). Exploratory aims included evaluating the influence
of baseline characteristics on MEP change and examining
12-month functional outcomes across study arms to inform
future trial design.

2 | Materials and Methods
2.1 | Design and Participants

This single-arm pilot clinical trial (NCT02662907) evalu-
ated the feasibility, safety, and functional change after an
EMST program in disease-free HNC survivors with chronic
aspiration. A nested cohort of participants meeting eligibil-
ity was consecutively recruited between 2016 and 2018 from
the Swallowing Clinics in the Head and Neck Center at the
University of Texas MD Anderson Cancer Center (Houston,
TX, USA).

First-round eligibility included adults with a history of
curative-intent RT for a new primary HNC within the past
15years, who were referred to the Section of Speech Pathology
and Audiology for swallowing evaluation and completed RT at
least 3months prior to enrollment. Exclusion criteria encom-
passed the following: recurrent disease; a second primary of
the head and neck, central nervous system, or thoracic cavity;
history of head and neck surgery (excluding diagnostic pro-
cedures, transoral surgery, or non-radical neck dissection);
history of functionally limiting chronic or acute cardiac, pul-
monary, or neuromuscular disease; tracheotomy or oxygen
dependence at the time of the MBS; and a Mini Mental Status
Exam (MMSE) [28] score < 24.

Second-round eligibility determined enrollment in the thera-
peutic EMST trial and included: (i) evidence of aspiration (PAS
score >6) on the MBS study; and (ii) consented to participate
in the trial. Those not meeting the second-round eligibility (ei-
ther because they declined participation despite aspiration, or
because they did not exhibit aspiration) were followed in parallel
for a 12-month follow up. Within this group, some completed an
independent, non-clinician-led home EMST program (“Home
Program”), while others did not engage in any EMST program
(Observation).

MBS appointment schedules (from routine post-RT swallow as-
sessments) were screened for potential eligibility. For each in-
cluded participant the followingdemographicdatawerecollected:
age at the start of treatment, time post-RT, sex, T-classification,
HNC site, therapeutic combination, radiation dose, and feed-
ing tube status. This analysis was approved by the Institutional
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Review Board of The University of Texas MD Anderson Cancer
Center (FWA00000363; OHRP IRB Registration IRB00000121;
Submission ID: 2015-0238-MDACC). All subjects provided in-
formed consent.

2.2 | Intervention: Expiratory Muscle Strength
Training (EMST)

Participants underwent an 8-week EMST program using the
EMST150 device (Aspire Products, Gainesville, Florida), cali-
brated weekly to 75% of each participant's current MEP. Training
was conducted using a standardized 5-5-5 schedule: five sets of
five breaths, 5days per week. All training was completed while
standing and using a nose clip. Participants were instructed
to take a deep breath, hold the cheeks lightly with the thumb
and forefingers, and blow forcefully through the device until
the valve opens (hearing air rush out). Weekly in-clinic ses-
sions were conducted with a licensed speech-language pathol-
ogist (SLP), who verified technique, monitored progress, and
recalibrated devices. Participants were provided with written
instructions for home practice between clinic visits. The inter-
vention was described and delivered according to the Template
for Intervention Description and Replication (TIDieR) guide [29]
(Supplement).

2.3 | Outcome Measures
2.3.1 | Expiratory Function Testing

Two objective measures of expiratory function were taken at
the time of enrollment (pre-EMST) and at the end of therapy
(post-EMST, i.e., immediately after the 8-week training period
with an allowable window of 2 weeks): (1) MEP, and (2) volun-
tary cough PEF. MEP was measured using a digital manom-
eter (Micro Respiratory Pressure Meter, CareFusion, Yorba
Linda, California). Participants were instructed to inhale to
total lung capacity (“Fill your lungs as much as possible”), seal
the lips fully around a flanged mouthpiece, and exhale force-
fully (“Blow out as fast and as hard as you can”). Expiratory
tests were completed while standing using a nose clip. MEP
was calculated as the maximum of three trials within 10%
variance. Voluntary cough PEF was measured using the dig-
ital Mini Wright Peak Flow Meter (KW-Med Inc., Antioch,
Illinois). Patients were instructed to inhale to total lung ca-
pacity and to “Cough hard like there is something stuck in the
throat” while standing. PEF was calculated as the maximum
of three trials within 10% variance. Additionally, MEP was
measured at each weekly clinic visit to recalibrate the EMST
device.

2.3.2 | Intervention Feasibility, Safety, and Adherence

Program completion rate was derived by counting the number
of patients who withdrew (i.e., dropped out of therapy) before
completing the 8-week program; 80% completion was a priori
specified as the benchmark for feasibility. Medical records and
therapy notes were reviewed for adverse events. Adherence was
self-reported using a standard form retrieved at each weekly

clinic visit. Full adherence was defined as completing > 900
breaths of the prescribed 1000 breaths through the training (25
breaths per day, 125 breaths per week).

2.3.3 | Swallow Functional Outcomes

Standardized MBS assessment was performed pre- and post-
intervention using a validated protocol [17] recorded at 30
frames/s in the lateral and anterior-posterior planes. Bolus
trials included 2 trials each of thin liquid barium (5mL,
10mL, and cup sip), Varibar pudding (1 tsp. presentation),
and Y4 cracker coated in Varibar pudding (Bracco Diagnostics
Inc.). Each study was graded by a blinded, trained laboratory
rater using PAS [16], DIGEST [18], and the Modified Barium
Swallow Impairment Profile (MBSImP) [30]. The PAS is an
8-point ordinal scale that evaluates the depth airway invasion
and the patient's response (0 =no airway entry, 8 =silent as-
piration). The maximum PAS score across all bolus trials was
used for analysis. DIGESTV2 is a validated tool to grade the
severity of pharyngeal dysphagia based on degree and pattern
of penetration/aspiration (according to PAS, Safety grade) and
pharyngeal bolus clearance (Efficiency grade) during an MBS
study. The overall DIGEST grade is derived by a combination
of Safety and Efficiency grade, with an overall grade of pha-
ryngeal dysphagia from 0 (no pharyngeal dysphagia) to 4 (life
threatening) [18]. The MBSImP is a validated, standardized
tool for evaluating the physiologic components of an oropha-
ryngeal swallow during an MBS study. It includes 17 com-
ponents, each scored on an ordinal scale with higher scores
indicating greater impairment. In this analysis, we analyzed
the Pharyngeal Total Score, that is, the sum of components
7-16, which ranges from 0 to 29 [30].

Additional swallow outcomes included clinician-rated func-
tional status and patient-reported measures. Functional status
measures included the Performance Status Scale for Head and
Neck Patients (PSS-HN) [31], which evaluates functional abil-
ity across three subscales (normalcy of diet, eating in public,
and intelligibility of speech) via semi-structured interview, and
the International Dysphagia Diet Standardization Initiative
Functional Diet Scale (IDDSI-FDS) [32], which classifies food
texture and liquid thickness on an eight-level scale (0-7).

Patient-reported outcomes included the MD Anderson
Dysphagia Inventory (MDADI) [33] and MD Anderson
Symptom Inventory for Head and Neck Cancer (MDASI-HN)
[34]. The MDADI is a validated 20-item questionnaire assessing
the impact of dysphagia on the quality of life across global, phys-
ical, emotional, and functional domains. The composite score
(mean of physical, emotional, and functional subscales) ranges
from 20 to 100, whereas domain scores range from 20 to 100,
with higher scores indicating better dysphagia-related quality of
life. The MDASI-HN is a validated measure of symptom burden
in patients with HNC, capturing both general cancer-related and
HNC-specific symptoms. Each symptom is rated from 0 (“not
present”) to 10 (“as bad as you can imagine”). Three summary
scores were derived: the MDASI-HN Total Symptom score (sum
of 22 general+HN symptoms); MDASI-HN Symptom score (sum
of 9 HN-specific symptoms); and MDASI Interference score
(sum of 6 items reflecting how symptoms interfere with daily
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life), with higher scores indicating greater symptom severity/
interference. All outcome measures were administered at base-
line pre-therapy and following completion of the 8-week EMST
intervention.

2.3.4 | 12-Months Follow Up

All participants (those who completed the trial and those in
the observation groups) underwent a follow-up evaluation
12months after enrollment. At this time, PSS-HN, MDADI,
and MDASI-HN were re-assessed, and feeding tube status
and pneumonia history were documented per chart review.
Self-reported 12-month pneumonia history was also sur-
veyed using two adapted items from the National Health and
Nutrition Examination Survey [35] (“In the past 12 months,
has a doctor or other health professional told you that you had
pneumonia?” and “In the past 12 months, has a doctor or other
health professional told you that you were hospitalized for
pneumonia?”).

2.4 | Statistical Plan

Baseline demographic and clinical characteristics were sum-
marized using descriptive statistics. Continuous variables
were expressed as means and standard deviations (SD) or
medians and interquartile ranges (IQR) depending on distri-
bution; categorical variables were summarized as frequencies
and percentages.

The primary endpoint was change in MEPs following the 8-week
EMST intervention. Secondary outcomes included changes in
PEF, PAS scores, DIGEST grades, MBSImP scores, and patient-
reported and clinician-rated functional measures (MDADI,
MDASI-HN, PSS-HN, IDDSI-FDS, and feeding tube status).
Pre- and post-intervention values were compared using paired
t-tests or Wilcoxon signed-rank tests according to the distribu-
tion of differences. Ordinal outcomes were analyzed using the
sign test or McNemar's test for paired proportions. Effect sizes
were calculated for all analyses. For group-based comparisons,
Cohen's d was computed to quantify the magnitude of treatment
effects. For correlation-based analyses (and/or nonparametric
tests), effect sizes were expressed as r. For the feasibility end-
point, the intervention was considered feasible if >80% of en-
rolled participants completed the post-treatment evaluation.

Subgroup analyses stratified outcomes by pre-EMST MEP (poor
vs. adequate; cut-offs: 81 cmH,O for females, 109 cmH,O for
males [36]), time since RT (to distinguish early vs. late survivor-
ship, <2 vs. >2years), age (<62 vs. >62years old [37-39]), and
pre-EMST BMI (< 25 vs. >25). Within-group pre- to post-EMST
differences were evaluated using paired t-tests or Wilcoxon
signed-rank tests, as appropriate; between-group comparisons
of change scores used independent t-tests, Fisher's exact, or
Mann-Whitney tests as appropriate.

Exploratory uni- and multi-variable linear models further ex-
plored predictors of post-treatment MEP gains, adjusting for
relevant clinical covariates defined a priori per study proto-
col (NCT02662907), including pre-EMST MEPs, pre-EMST

DIGEST Safety grade, RT dose, concurrent CT, time since RT,
age, sex, smoking status, and pre-EMST BMI.

Additional exploratory analyses reported 12-month outcomes for
all study arms (EMST Trial, Home Program, and Observation,
including aspirators and non-aspirators) and in pairwise com-
parisons (EMST Trial vs. Home Program, aspirators; EMST Trial
vs. Observation, aspirators) using Fisher's exact, or Kruskal-
Wallis tests as appropriate. Uni- and variable regression models
evaluated arm allocation as a predictor of functional and clini-
cal outcomes, adjusting for baseline aspiration status. All tests
were two-sided with a=0.05. Analyses were performed using
StataNow/SE 18.5 (1985-2023 StataCorp LLC) and R version
4.4.1 (The R Foundation for Statistical Computing).

3 | Results
3.1 | Trial Participants

Of 302 screened participants meeting the first-round eligibility
criteria, 175 (58%) consented to be included in the analysis and
screened for second-round eligibility. Among these, 113 were
non-aspirators and 62 had evidence of aspiration on MBS. Of
these 62, 30 consented to participate in the trial, while 32 did
not. Overall, 30 participants enrolled in the trial, of whom 26
completed the 8-week intervention; the remaining 145 were
followed in parallel (Home program and Observation arms,
Figure 1).

Among trial participants, mean age was 63.6 (SD=9.4) years
and 93.0% (28/30) were male. Most patients (21/30, 70.0%) had
a history of multimodality cancer treatment (chemoradiation
therapy [CRT]) and all but two were treated for oropharyngeal
primary tumors. The median time since completion of cancer
treatment was 16 months (IQR: 27.8, range: 3-175). Table 1 sum-
marizes clinical and demographic characteristics of the study
population.

3.2 | EMST Protocol Feasibility, Adherence,
and Safety

The trial completion rate was 87% (26/30, Table 2). Attrition was
due to surgery, change in insurance, requesting to withdraw, and
loss to follow-up. Completers attended a median of 8 (IQR=2)
sessions and non-completers a median of 3.5 (IQR=2.5). On av-
erage, non-completers trended toward a younger age (p=0.06),
but no other difference was observed in demographics, clinical
characteristics, or time since RT. EMST exercise adherence was
high among completing participants with 186/208 (89%) ther-
apy sessions attended, and self-reported home exercise comple-
tion totaling 23 620/26000 prescribed repetitions (91%). Adverse
events were reported in 27% of participants; all but one were
deemed unrelated to EMST per the institutional data and safety
monitoring Board. The single “possibly related” event (n=1) in-
volved dehydration-related vertigo after feeding tube removal
with left ear pain (Grade 1). One event was deemed “unlikely re-
lated” (n=1), consisting of headache with intermittent dizziness/
vision loss (Grade 2). The remaining participants (n=6) experi-
enced events deemed “unlikely related”, including congestion,
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Assessed for eligibility

[ Enrollment ] (n=2,745) Excluded (n=2,570)
= Not meeting inclusion
criteria (n=2,443)
» =  Declined to participate
(n=23)
= No Show (n=79)
| Enrolled (n=175) | |- Other (n=25)
v ( Allocation 1 \
U J

Allocated to observation (n=145)

= Aspirators (distance, time, unresponsive
to schedule efforts, others) (n=32)

= Non-aspirators (n=113)

Allocated to intervention (n=30)
= Lost to follow up (n=1)
= Withdrawn (n=3)
o Surgery (n=1)
o Per patient’s request (n=1)
o Change of insurance coverage
(n=1)

Analysis }
(trial cohort)

A

Analyzed intervention (n=30)

= Excluded from analysis (non-completers)
(n=4)

= Included for analysis (n=26)

A 4

12-months ]
L (full cohort)

A

Observation: 12-months Follow up
(n=145)
=  Withdrawn (n=1)
= Included (n=144)
o  Observation-only (n=116)
o Non-aspirators (n=98)
o Aspirators (n=18)
o EMST home program (n=28)
o Non-aspirators (n=11)
o Aspirators (n=17)
= Completed (n=122)

Intervention: 12-months Follow up (n=30)
= Withdrawn (n=3)
= Included (n=27)
o  Trial completers (n=25)
o  Trial non-completers (n=2)
= Completed (n= 22)

FIGURE1 | CONSORT diagram. [Color figure can be viewed at wileyonlinelibrary.com]

lung infection, hypotension, radionecrosis-related pain, dyspho-
nia, and aspiration-related hospitalization (Grades 1-4).

3.3 | Expiratory Function Outcomes

Among the 26 individuals who completed the 8-week EMST
program, MEP significantly increased by an average of 66%,
from 100.0+40.3 cmH,O at baseline to 167.0+48.7 cmH,0O
post-intervention (p<0.001, d=1.64) (Figure 2A). Voluntary
PEF increased by 8% on average, from 369.4+120.8 L/min to
399.6 +102.8 L/min, but this change was not statistically signifi-
cant (p=0.24, d=0.23) (Figure 2B).

3.4 | Swallow Functional Outcomes

MBS-derived metrics are shown Figure 3, with detailed data in
Table S1. Significant pre-post improvements were observed in
PAS scores (p=0.003, r=-0.85), with 10 participants (38.5%)
showing improved scores (Figure 3A). Most improvements
involved reductions by two or more PAS scores (Figure 4A).
Individual changes in PAS scores in relation to DIGEST Safety
scores are visualized in Figure S1. Most individuals showed ei-
ther no change in both PAS and safety (9/26, 34.6%) or improved

PAS with stable safety (5/26, 19.2%). Smaller proportions
showed concurrent improvement (4/26, 15.4%) or other less fre-
quent patterns (each < 15%, Figure S1). Clinician-rated diet level
by IDDSI-FDS also significantly improved (p=0.002, r=0.99;
Figure 3E). Ten participants (38.5%) demonstrated better scores,
including one participant who progressed from NPO to IDDSI-
FDS level 4, and others who improved by 1-3 levels (Figure 4B).
The IDDSI-liquid levels also improved significantly (p=0.03,
r=-0.75), with 5/6 improvements involving a change from
level 2 to level 0 (Figure 4C). DIGEST (Figure 3B), MBSImP
(Figure 3C), MDADI (Figure 3d) and MDASI (Figure 3F) did
not show statistically significant changes.

3.5 | Subgroup Analysis

Significant MEP improvements were observed in both the ade-
quate (A=51.5cm H,0, 95% CI —27.8 to 75.3; n=11) and inad-
equate (A=76.5cm H,0, 95% CI —53.6 to 99.5; n=15) baseline
MEP groups, with no significant difference in response between
them (p=0.12). Similar findings were seen across subgroups
based on time since RT, age, and BMI (Table S2). Participants
< 2years post-RT (n=18) showed significant gains in PAS (44.5%
improved; p=0.01) and IDDSI-FDS scores (38.9% improved;
p=0.01), while those >2years post-RT showed significant
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TABLE1 | Sample characteristics.

Therapy arm Completed
Cohort (n=175) (n=30) trial (n=26) Non-completers (n=4)

Age, mean (SD) 61.69 (9.03) 63.6(9.4) 64.9 (9.3) 55.6 (5.9)
Sex, male n (%) 159 (90%) 28 (93.3%) 24(92.3%) 4(100%)
Time post-RT, months median 11.8 (18.2) 16.0 (27.8) 16.0 (27.8) 15.9 (45.1)
(IQR) [Range] [3.0, 175.5] [3.2,175.5] [3.2, 175.5] [3.9, 77.0]
Time post-RT, binary

<2years 138 (78.9%) 21 (70.0%) 18 (69.2%) 3(75.0%)

>2years 37 (21.1%) 9 (30.0%) 8 (30.8%) 1(25.0%)
BMI

<25 68 (38.9%) 17 (56.7%) 15 (57.7%) 2 (50.0%)

>25 107 (61.1%) 13 (43.3%) 11 (42.3%) 2(50.0%)
T-classification

0 6 3%)

1 34 (19%) 3(10.0%) 3 (11.5%) 1(25.0%)

2 59 (34%) 12 (40.0%) 11 (42.3%) 2(50.0%)

3 34 (19%) 6 (20.0%) 4 (15.4%) 1(25.0%)

4 40 (23%) 8 (26.7%) 7(26.9%)

Unknown 2 (1%) 1(3.3%) 1(3.8%)
HNC site

Oropharynx 153 (87%) 27 (90%) 23 (88.46%) 4 (100.0%)

Hypopharynx 4 (2%) 1(3%) 1 (4%)

Larynx 12 (7%) 2 (7%) 2 (3.85%)

Unknown primary 1 (0.57%)
Therapeutic combo

CRT 127 (73%) 21 (70.0%) 17 (65.4%) 4 (100.0%)

RT 5(3%) 1(3.3%) 1(3.8%)

Induction + RT/CRT 34(19.43) 8 (26.7%) 8 (30.8%)

Surgery + PORT/POCRT 9 (5%)
Surgery

Neck only 21 (12%) 1(3.3%) 1(3.8%)

Primary only 4 (2%)

Primary + neck 6 (3%)

None 144 (82%) 29 (96.7%) 25(96.2%) 4 (100.0%)
Radiation dose, Gy, median (IQR) 69 (2.54) 70 (0) 70 (0) 70 (0)
[range] [50, 72] (66, 72] (66, 72] [70, 70]

Abbreviations: BMI, body mass index; CRT, chemoradiotherapy; HNC, head and neck cancer; PO[C]RT, post-operative [C|RT; RT, radiotherapy.

improvements in feeding tube status (12.5% improved; p=0.04)
and MBSImP Pharyngeal score (A=-1.9, 95% CI —3.2 to —0.5).
However, no between-group differences in change were statis-
tically significant. Among participants >62years old (n=17),
PAS (35.3% improved; p=0.03), IDDSI-FDS (35.3% improved;

p=0.03), and MBSImP scores improved significantly (A=-1.4,
95% CI —2.8 to —0.1), with a significant between-group differ-
ence in MBSImP change compared to younger participants
(A between groups=2.2, 95% CI 0.0 to 4.3; p=0.02). In those
with BMI >25 (n=11), PEF increased significantly (A=89.2L/
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TABLE 2 | EMST treatment summary.

Therapy arm (n=30)

Completed trial (n=26)

Non-completers (n=4)

Sessions attended, n (%)

0 N o A W N

Sessions attended, median (IQR)

Training days, median (IQR) [Range]

1(3.3%)

1(3.3%)
4(13.3%)
1(3.3%)
4(13.3%)
2(6.7%)
17 (56.7%)
8(2)

40 (9) [1, 40]

Adherence to 75% resistance load, n 27 (90.0%)
(%)
Adherence percent?, median (IQR) 100 (22.5)
[range] [2.5,100]
Adverse events, n (%)
No 22 (73.3%)
Yes 8 (26.7%)
AE attribution, n (%)
Not related 6 (20.0%)
Unlikely related® 1(3.3%)
Possibly related® 1(3.3%)
AE grade, n (%)
Grade 1 1(3.3%)
Grade 2 5(16.7%)
Grade 3 1(3.3%)
Grade 4 1(16.7%)

1(25.0%)
1(25.0%)
3(11.5%) 1(25.0%)
1(25.0%)
4 (15.4%)
2(7.7%)
17 (65.4%)

8(2) 3.5(2.5)
40 (3) [8, 40] 9 (13) [1, 25]
23 (88.5%) 4(100.0%)
100 (7.5) 22.5(32.5)
[12, 100] [2.5, 62.5]
20 (76.9%) 3(75.0%)
6(23.1%) 1(25.0%)
5(19.2%) 1(25.0%)

1(3.8%)
2 (7.7%)
4(15.4%) 1(25.0%)

Abbreviation: AE, adverse events.
2% breaths completed through the training of the prescribed 1000.

"The one possibly related case was grade 1, and the unlikely related was a grade 2.

min, 95% CI 15.8 to 162.6; p=0.02), with a significant between-
group difference compared to those with lower BMI (A between
groups =-102.2, 95% CI —201.3 to —3.0; p=0.04) (Table S2).

3.6 | Exploratory Analysis:
Predictor of MEP Change

Exploratory univariate and multivariable regression analyses
explored predictors of change in MEP following the interven-
tion (Table S3). In the univariate models, no variable was signifi-
cantly associated with MEP change (p > 0.05). The multivariable
linear model, which included pre-specified variables (baseline
MEDP, baseline DIGEST safety score, radiation dose, concurrent
chemoradiotherapy, years since radiotherapy completion, age,

sex, smoking history, and baseline BMI), was not statistically
significant (adjusted R>=0.23, p=0.16).

3.7 | Exploratory Analysis: 12-Months Follow-Up

At 12-month follow-up (Table S4), pneumonia occurred in 7.2%
of the overall cohort (9/125), with rates varying by study arm:
14.3% in the EMST Trial group (3/21), 21.1% in the Home Program
group (4/19), 9.1% among aspirators in the Observation group
(1/11), and 1.4% among non-aspirators in the Observation group
(1/74). Feeding tube dependence was observed in 7.9% of partic-
ipants (10/126), with the highest prevalence in the Observation-
aspirating subgroup (18.2%) and lowest in Observations,
non-aspirating (2.7%). Compared to aspirators in the Home
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Pre-EMST

Post-EMST

Pre-EMST Post-EMST

FIGURE 2 | Individual- and group-level respiratory outcomes changes pre- and post-8 weeks of EMST (n=26 trial completers). Panel A: MEP

mean change showed 66% improvement (p <0.001); Panel B: Mean PEF change showed 8% improvement (p =0.24). MEP, maximum expiratory pres-

sure; PEF, peak expiratory flow. [Color figure can be viewed at wileyonlinelibrary.com]

(A) PAS Score changes (N=26)

Pre-EMST Post-EMST

(D) MDADI Score changes (N=24)

(B) DIGEST Grade changes (N=26)

(E) IDDSI-FDS Level changes (N=26)

(C) MBSImP Scores changes (N=24)

Pre-EMST Post-EMST

(F) MDASI-HN Scores chnages (N=24)

p=0.46 p=0.84 p=0.81 p=0.12 p =0.002" p=0.22 p=0.20 p=0.77
100 T 10 10 l
[ 25
T T _ 75
Composite  Physical Emotional Functional Pre-EMST Post-EMST Total HN

Interference

FIGURE3 | Changes in swallowing outcomes before and after 8 weeks of EMST among trial completers (n=26). PAS (A), DIGEST (B), MBSImP
Pharyngeal (C), MDADI (D), IDDSI-FDS (E) and MDASI-HN (Panel F). PAS and IDDSI-FDS showed significant change post-EMST (p > 0.05).
DIGEST, dynamic imaging grade of swallowing toxicity; IDDSI-FDS, international dysphagia diet standardization initiative functional diet scale;

MBSImP, modified barium swallow impairment profile; MDADI, MD anderson dysphagia inventory; MDASI-HN, MD anderson symptom inventory
for head and neck cancer; NPO, Nihil per os (Nothing by mouth); PAS, penetration-aspiration scale.

Program group, EMST Trial participants had significantly better
MDADI composite and emotional scores (p <0.05), with trends
toward higher MDADI physical (p =0.063, Table S4). Compared
to aspirators in the Observation group, EMST Trial participants
had significantly lower MDASI interference scores (1.28 vs.
0.80; p=0.032), with no other significant differences observed
between the groups (Table S4).

In multivariable linear analysis adjusting for baseline as-
piration status (Table S5), EMST trial participants had sig-
nificantly better swallowing-related outcomes than the
Home Program group, including higher MDADI composite
(B=-16.8, p=0.002), emotional (f=-18.1, p=0.001), phys-
ical (8=-13.0, p=0.031), and functional scores (8=-15.0,
p=0.009), as well as lower MDASI-HN symptom (8=1.46,
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Pre-EMST PAS Score

Pre-EMST IDDSI-FDS Level

Pre-EMST IDDSI-Liquid Level

FIGURE4 | Changesin PASscores (A), IDDSI-FDS (B), and IDDSI-liquids (C) levels before and after 8 weeks EMST among trial completers. Each
cell shows the number of patients who experienced an improvement, no change, or worsening in their scores between timepoints (p >0.05). IDDSI-
FDS, international dysphagia diet standardization initiative functional diet scale; PAS, penetration-aspiration scale. [Color figure can be viewed at

wileyonlinelibrary.com]|

p=0.011) and interference scores (8=1.28, p=0.041).
Compared to the Observation group (both aspirators and
non-aspirators), EMST participants had significantly lower
MDADI emotional (f=-11.9, p=0.030) and MDASI interfer-
ence scores (=2.29, p<0.001).

4 | Discussion

EMST is a rehabilitative program that has been tested for out-
comes related to respiratory muscle strength, cough, swallow,
and voice function in healthy young adults, elderly individuals,
and patients with progressive neurodegenerative disease [40],
with growing use in HNC survivors [19, 41, 42]. In this pilot trial,
our findings showed that the 8-week EMST program was fea-
sible, associated with improved MEPs, penetration-aspiration,
and diet range, but failed to establish improvement in cough and
perceived swallow function.

This study aligns and extends previous evidence. MEP gains
(66%) were comparable to those in our prior retrospective se-
ries (57%) [19], and similar to those observed in neurogenic
dysphagia populations [15, 24] and post-irradiated nasopha-
ryngeal carcinoma survivors (41%) [43]. Together, these find-
ings support the relevance of EMST for enhancing expiratory
strength in HNC survivors. Importantly, MEP gains were
observed across subgroups regardless of baseline MEP, time
since RT, age, or BMI, suggesting that individual baseline
characteristics may not be strong determinants of training
response in this cohort. While improvements in swallowing
safety were seen in roughly 30%-40% of participants in our
retrospective series and the current trial, the present trial
detected improvement in PAS but not DIGEST Safety gains,
unlike the retrospective series. The divergence may represent
fundamental differences in the scales themselves, where PAS
captures swallow safety on worst individual boluses, whereas
DIGEST Safety provides a more global assessment across tri-
als, making it more representative of overall functional safety
but potentially less sensitive to subtle, bolus-level changes.
Additionally, differences in study populations likely contrib-
uted: the earlier cohort was much further post-RT (average
8years) with severe dysphagia (74% with baseline DIGEST
Safety grade 3), whereas the current cohort was mostly earlier
post-RT (< 2years) and had milder impairments (57% DIGEST

Safety grades 1-2). These differences suggest that EMST may
offer more sizable safety-related functional benefit in more
chronic, severe cases, though our subgroup analysis by time
since RT was not powered to confirm this.

Importantly, this trial showed significant improvements in PAS
scores, with 38% of participants transitioning from silent aspi-
ration to less severe events with voluntary airway defense. This
pattern of improvement aligns with hypothesized EMST mech-
anisms (enhanced cough strength [11] and load-dependent sub-
mental or pharyngeal muscle recruitment [21, 44]) which may
aid airway defense even if bolus clearance or efficiency remains
unchanged. Similar PAS improvements have been reported in-
consistently in the literature, with some studies demonstrating
significant changes post-EMST in HNC [43] and neurogenic pop-
ulations [23, 24, 45-47], while others report only non-significant
trends in PAS [14, 15, 48]. These findings suggest that while
EMST may not eliminate aspiration, it could offer functional
compensatory benefit, particularly in improving swallow-re-
spiratory coordination and mitigating the most severe forms of
airway invasion.

Dietary outcomes reflected these functional gains. After EMST,
38% of patients demonstrated improved diet range (per IDDSI-
FDS), most commonly progressing from nectar thick to thin lig-
uids with the strategy of supraglottic swallow or throat clear/
re-swallow. These improvements thus reflect again enhanced
airway protection strategies and more effective airway protec-
tion with thin (rather than complete elimination of aspiration),
which is consistent with the lack of significant change in DIGEST
Safety scores. Although short-term patient-reported outcomes
(MDADI, MDASI) exhibited only small, non-significant gains,
our 12-month follow-up data support a delayed, yet meaning-
ful benefit. EMST participants in the trial who participated in
guided MEP-calibrated SLP-led training over 8 weeks demon-
strated better swallowing-related quality of life and lower symp-
tom burden than those with aspiration in the Home Program
EMST and Observation groups. These findings suggest that
more intensive clinician-directed EMST may produce gradual,
sustained improvements in function and quality of life, poten-
tially as patients adapt to new compensatory strategies and ex-
perience the sustained impact of improved airway protection.
It is unclear if this relates to better adherence or more precise
loading of the EMST therapy in the clinician-guided model.
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Adherence in this trial was higher than typically reported in
behavioral swallowing interventions [49], and comparable to
rates observed in previous EMST programs [15]. While the
trial met its feasibility endpoint—with over 80% of partici-
pants completing the intervention—the four dropouts (who
completed therapy for 1-4 weeks) suggest that while most par-
ticipants could sustain the 8-week regimen, some may find the
duration burdensome. Understanding whether gains plateau
earlier could help optimize program length and improve re-
tention. Previous EMST protocols have typically implemented
4-5weeks of EMST. Future research should explore the opti-
mal dosing and identify whether and when gains plateau, as
observed in other populations [50-52]. Understanding this
trajectory in HNC survivors may be critical to inform therapy
personalization and maximize both engagement and thera-
peutic benefit.

Limitations of this study include the absence of a random con-
trol group, limiting causal inference regarding treatment ef-
fects. While efforts were made to include a heterogeneous HNC
cohort, the majority of participants had oropharyngeal cancer
treated with definitive radiotherapy + chemotherapy, poten-
tially limiting generalizability to other tumor sites or treatment
pathways (e.g., primary surgery, non OPC). The exploratory
analysis of predictors of MEP change was pre-specified but
limited by small sample size and multiple predictors; given the
non-significant model, these findings should be interpreted cau-
tiously. Nonetheless, to our knowledge, this pilot trial represents
the 1st-in-humans prospective demonstration of pragmatic fea-
sibility of EMST in a symptomatic post-RT survivorship setting,
and shows a pre- to post-therapy improvement for future pro-
spective trials.

5 | Conclusion

In this prospective trial, EMST was feasible, well-tolerated,
and associated with improved maximum expiratory pres-
sure, diet range, and reduced severity of aspiration in HNC
survivors with RAD. While improvements were not observed
across all physiologic domains, the shift from silent aspiration
to milder, more penetration-aspiration defended events in 40%
may reflect meaningful functional gains. These findings sup-
port the potential role of EMST as a targeted intervention for
select patients with impaired airway protection after HN RT
and warrant further evaluation in controlled trials.
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Supporting Information

Additional supportinginformation can be found online in the Supporting
Information section. Supplementary Information S1. Table S1:
Functional outcomes pre- and post-8 weeks of EMST (n =26 completed
trial). Figure S1: Individual changes in PAS scores and DIGEST Safety
grades before and after 8-weeks EMST among trial completers. Each
cell shows the PAS score and corresponding DIGEST Safety grade per
patient. The legend reports patterns of improvement (1), no change (=),
or worsening (}) in PAS and Safety grade across timepoints. Table S2:
Functional outcomes pre- and post-8weeks of EMST by subgroups.
Table S3: Univariate and multivariable regression models for change
in MEP. Table S4: Functional outcomes at 12-months follow up by arm
allocation. Table S5: Functional outcomes at 12-month follow-up: re-
gression analysis by arm allocation (EMST reference, adjusted for aspi-
ration—VIF <5). Supplementary Information S2. TiDieR checklist.

12

Head & Neck, 2026

A ‘0 “LYE0L60T

:sdny woxy papeo!

ASULDIT SUOUIO,) dA1ea1)) d]qesrjdde ayy Aq pauIoA0S oI SIOIIE V() 2SN JO SI[NI 10J AIRIQIT SUITUQ) AJ[IA\ UO (SUONIPUOD-PUE-SULID} /W0 Ad[1M ATeIqIour[uo//:sdny) suonipuo)) pue suid I, 3y 39S [9707/#0/07] uo A1eiqry auruQ £9[IA\ 991AI0S AISAI( % SS90V OFu AQ €£Z0LPAU/Z001 01/10p/Ww0d" A3]im  ATeIqraul]i



