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Abstract

Background: The purpose of this study was to quantify the association of late lower cranial
neuropathy (late LCNP) with swallowing-related quality of life (QOL) and functional status
among long-term oropharyngeal cancer (OPC) survivors.

Methods: Eight hundred eighty-nine OPC survivors (median survival time: 7 years) who
received primary treatment at a single institution between January, 2000 — December, 2013
completed a cross-sectional survey (56% response rate) that included the MD Anderson
Dysphagia Inventory (MDADI) and self-report of functional status. Late LCNP events >3-months
after cancer therapy were abstracted from medical records. Multivariate models regressed MDADI
scores on late LCNP status adjusting for clinical covariates.

Results: Overall, 4.0% (n=36) of respondents developed late LCNP with median time to onset of
5.25 years post-treatment. LCNP cases reported significantly worse mean composite MDADI
(LCNP: 68.0 vs. no LCNP: 80.2, p<0.001). Late LCNP independently associated with worse mean
composite MDADI (= -6.7, p=0.015, 95%ClI: —12.0, —1.3) as well as all MDADI domains after
multivariate adjustment. LCNP cases were more likely to have a feeding tube at time of survey
(OR=20.5; 95%Cl, 8.6 to 48.9), history of aspiration pneumonia (OR= 23.5; 95%ClI, 9.6 to 57.6),
and tracheostomy (OR= 26.9; 95%Cl, 6.0 to 121.7).

Corresponding Author: Katherine A. Hutcheson, PhD, The University of Texas MD Anderson Cancer Center, P. O. Box 301402,
Department of Head and Neck Surgery Unit 1445, Houston, Texas 77030, Phone: 713-792-6513, Fax: 713-792-4662,
karnold@mdanderson.org.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Aggarwal et al. Page 2

Conclusions: In this large survey study, OPC survivors with late LCNP reported significantly
poorer swallowing-related QOL and had significantly higher likelihood of poor functional status.
Further efforts are necessary to optimize swallowing outcomes to improve QOL in this subgroup
of survivors.
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INTRODUCTION

Swallowing is a complex and multifaceted neuromuscular process that involves 5 cranial
nerves and almost 30 muscles in the upper aero-digestive tract. Patients with oropharyngeal
cancer (OPC) receive local treatments, radiotherapy (RT), and/or surgery, to this functionally
critical region that can cause chronic dysphagia with adverse impact on swallowing-related
quality of life (QOL).1-® Dysphagia is one of the most impactful and prevalent functional
toxicities reported in approximately 30-50% of survivors.”~10 Prior analysis of this OPC
survivorship found that, among 22 symptoms queried, the severity of dysphagia symptoms
most strongly associated with decisional regret about cancer treatment.1! The rising
incidence of highly curable HPV-associated OPC leads to greater numbers of OPC survivors
at risk of dysphagia with great impetus to understand factors that associate with poor
swallowing outcomes and adversely impact QOL in this growing population. Dysphagia also
leads to excessive morbidity, negatively impacting functional status and health of OPC
survivors. Impaired airway protection can lead to aspiration pneumonia, and inefficient bolus
clearance may result in low food intake, extended gastrostomy tube dependence, weight loss,
and malnutrition.12 Patients with dysphagia often modify their diet, need extended meal
times, feel self-conscious to eat in social settings, and thereby experience social isolation
and diminished QOL.12

Radiation-associated dysphagia is typically linked with soft tissue injuries including
inflammation, edema, fibrosis, and stricture.13 Acute tissue injury results from cell depletion
and inflammation that contribute to edema, erythema, and mucositis of the oropharyngeal
region.1314 Late RT injury is defined classically as 3 months or more after cancer treatment,
and may represent persistence of early injury (i.e., “consequential late effects™) or new
damage linked to excessive collagen accumulation, microvascular damage, and
overproduction of pro-fibrotic growth factors p (TGF-1) resulting in fibrosis and atrophy.
14.15 The superior pharyngeal constrictor (SPC) region comprises minor nerve tracts and the
constrictor and longitudinal pharyngeal muscles, which are important for pharyngeal
shortening and constriction during swallowing for safe and efficient bolus propulsion into
the esophagus.18 Irradiation to this region, specifically the mean SPC region dose, has been
reported in numerous studies to be associated with chronic and late radiation associated
dysphagia (late-RAD).16-19 Thereby dysphagia may occur as consequence of reduced base
of tongue retraction and elevation of larynx, inadequate retroflexion of epiglottis, pharyngeal
transit delay, and inadequate swallowing muscle action.
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Surgical treatment for OPC including tongue resection involving geniohyoid or mylohyoid
muscles, mandibulotomy-related genioglossus injury and loss of occlusion, lateral soft palate
resection may also cause muscle and nerve injury and contribute to dysphagia.l? Site and
extent of tumor resection thereby contribute to severity of dysphagia.l3 Reports also suggest
that head and neck (HNC) patients treated with surgery followed by post-operative RT may
experience cumulative effects and more accelerated effects of RT.6: 1320 This may
contribute to additional decline in swallowing function due to diminished oropharyngeal
swallow efficiency.5: 1320

Lower cranial neuropathies (LCNP) are a rare, but permanent late effect of HNC treatment
that injures the glossopharyngeal (1X), vagus, (X), accessory (XI), and/or hypoglossal (XII)
nerves.l: 21-24 These nerves (except XI) play a pivotal role in the oropharyngeal swallowing
mechanism and thereby their damage can contribute to profound functional impairment in
terms of dysphagia often with co-existing problems in speech and voice and shoulder
impairment.1: 16: 21-25 A previous study among 59 OPC survivors treated with intensity
modulated radiotherapy (IMRT) reported a 5% incidence rate of late LCNP at median
follow-up of 5.7 years (range: 4.6-7.6 years). Among LCNP cases, onset of neuropathy
preceded quantifiable, clinically significant decline in both patient-reported (per MD
Anderson Dysphagia Inventory; MDADI) and clinician-rated (per Modified Barium
Swallow Study; MBS) swallowing function.! Likewise, the investigators recently published
a large survey of 889 long-term OPC survivors in which LCNP was significantly associated
with excess symptom burden and had the greatest impact on swallowing/ chewing and voice/
speech symptoms among the 22 symptom items rated using the MD Anderson Symptom
Inventory Head and Neck Cancer Module (MDASI-HN), a validated multi-symptom survey
instrument.26

Previous literature also specifically implicates LCNP as a major contributor to late radiation
associated dysphagia (late-RAD).21: 22 Patients with late RAD often have clinically
detectable LCNP with unilateral paralysis, muscle wasting leading to atrophy of lingual and
pharyngeal musculature with clinical series supporting a prominent role of nerve injury in
the functional decline experienced by these patients.2> A series of 29 HNC survivors with
late-RAD reported that 48% of cases had clinically-detectable cranial neuropathies, and
cranial nerve X1l and X palsies were most common.2® Several small published series and
case reports consistently describe severe problems in swallowing, eating, and extreme
functional impairment in pharyngeal phase of swallowing among survivors with late LCNP,
with associated swallowing inefficiency, pharyngeal residue, and silent aspiration.l: 16: 21-25
Consequently, about 85% of OPC survivors with late-RAD develop pneumonia and more
than 60% require long-term gastrostomy tube placement highlighting the possible extreme
functional relevance of late LCNP if it indeed is a driver of late dysphagia.16: 22

The previous literature and prior analysis of symptom burden suggests a strong association
between late LCNP and the severity of dysphagia, however the nature of this association has
not been comprehensively evaluated or quantified in a large population of survivors. Few
studies have addressed late LCNP among OPC survivors, as most of the published literature
on LCNP has been comprised of case reports or studies primarily conducted among
nasopharyngeal cancer (NPC) survivors.2’: 28 Studies suggest that risk of cranial nerve
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damage increases over time 1. 22: 28 and as survival probabilities improve for OPC, there is
an ever-growing pool of OPC survivors who have received surgery and/or curative doses of
radiotherapy sufficient to induce LCNP. Therefore, there is urgent need to understand to our
fullest ability the functional impact of this disabling late effect of therapy. Thus, the purpose
of this analysis was to quantify the association of late LCNP with swallowing-related QOL
using the MDADI and functional status metrics. We hypothesized that late LCNP among
OPC survivors would be associated with significantly worse swallowing-related QOL (per
MDADI survey scores) and LCNP status would relate to differences in functional status
metrics.

MATERIALS AND METHODS:

Study Design, Eligibility and Consent

This cross-sectional survey was conducted in 2015 among a cohort of OPC survivors who
received primary cancer treatment at MD Anderson Cancer Center (MDACC) between
January, 2000 and December, 2013. An institutional review board-approved patient-reported
outcome (PRO) survey was administered to eligible OPC survivors in the cohort who were >
18 years of age at diagnosis, completed their treatment at least 1 year prior to survey
administration, and consented to the study. Exclusion criteria were: patients who were
deceased, those with second primary malignancy (SPM) or recurrent head and neck cancer
tumors preceding survey, and those whose primary spoken language was not English. For
this analysis, patients diagnosed with LCNP or with clinical signs of LCNP prior to
initiation of OPC treatment were excluded. The survey items included in this analysis were
the MDADI, a patient-reported adaptation of the Performance Status Scale for Head and
Neck cancer (PSS-HN) with questions on normalcy of diet and public eating, as well as self-
report of aspiration pneumonia, current feeding tube status, and current weight. A previous
publication provides details of survey administration and response.’

MD Anderson Dysphagia Inventory (MDADI)

The MD Anderson Dysphagia Inventory (MDADI) is a 20-item validated patient reported
outcomes (PRO) instrument that quantifies perceived limitations in swallowing ability and
their impact on day to day activities.22 MDADI provides subscale scores which are
comprised of emotional (6 questions), physical (8 questions), and functional components (5
questions). It also estimates a global summary score (based on 1 question- “My swallowing
limits my day to day activities) and a composite score (based on 19 questions excluding the
global item).29-32

Scoring of MDADI: The questions related to swallowing function are Likert scaled with the
options of ‘strongly agree’, ‘agree’, ‘no opinion’, ‘disagree’, or ‘strongly disagree’, scored
on a scale of 1-5, respectively, with the exception of two questions (E7 and F2) for which
reverse scoring is calculated. After summation of response scores, mean is estimated and
multiplied by 20 to estimate total score.32 Total scores range from 20-100 with higher scores
reflecting higher perceived swallowing-related QOL.12: 29. 32,33 MDADI scores can be
analyzed as continuous or categorical variables with scores classified in the following
categories: >80 as optimal, 60-79 as adequate and <60 as poor.10 MDADI was validated
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among HNC patients and has internal consistency scored by Cronbach’s alpha of 0.96 and
was documented to have test-rest reliability correlations ranging from 0.69 to 0.88.2°

Performance Status Scale for Head and Neck (PSS-HN) Adaptation

An adapted version of the PSS-HN, a validated, clinician-rated interview-based measure of
performance status among HNC patients was included in the survey instrument.! The scale
was adapted for patient-reported administration and comprised of questions pertaining to the
survivor’s diet level and public eating experience.l Normalcy of diet options included the
following: full diet no restriction, full diet with liquid assist, solid food but avoid some hard
to eat foods, soft chewable foods, non-chewable or pureed foods, drink warm and cold
liquids only, or nothing orally only use a feeding tube. Public eating was coded as the
following: no restriction of place, food, or companion, no restriction of place, restrict diet in
public, eat only in the presence of selected person in selected places, only eat at home with
selected persons, or always eat alone.

Primary and Secondary Outcomes

The primary outcome for this study was mean composite MDADI score which serves as an
estimate of overall swallowing-related quality of life.2%-33 The secondary outcomes for
analysis included the emotional, physical and functional subscale and the global MDADI
scores as well as self-reported functional status metrics including current feeding tube status,
normalcy of diet, public eating, history of aspiration pneumonia, current weight,
understandability of speech, and current tracheostomy. Chart abstracted functional data
included baseline weight to calculate percent change in weight between weight at time of
survey and pre-treatment weight, and history of dilations due to presence of stricture.
Current feeding tube status, aspiration pneumonia history, and current tracheostomy were
coded as binary variables. Change in weight was calculated as baseline weight minus current
weight and percent change in weight was calculated as change in weight divided by baseline
weight. Survey questions on functional status metrics have been listed in Appendix 2.

Primary Exposure

Clinical and

Late LCNP was the primary exposure for this analysis. Late LCNP case status was
ascertained by detailed review of medical records of survivors as previously described.26 For
this study late LCNP was defined as clinical evidence of neuropathy of at least one of the
glossopharyngeal (IX), vagus (X), and hypoglossal (XII) nerves = 3 months after the end of
cancer treatment.28 The time period was defined considering the NCI-Common Toxicity
Manual’s definition of late radiation effects as occurring 90 days and onwards after RT
therapy initiation.34

Demographic Variables

Demographic variables including age at diagnosis, sex, race, and education, and clinical
variables including primary tumor subsite, tumor and nodal staging (AJCC version VII),
treatment modality, chemotherapy, surgery, neck dissection, RT dose, fractionation, and
modality were abstracted from the electronic medical records. Pre-treatment diet (ability to
eat solid foods) was also collected as a surrogate variable for presence of baseline dysphagia.
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Survival time for this population was estimated as the difference between age of diagnosis
and age at the time of the survey. History of pharyngoesophageal dilation was used as a
surrogate variable for stricture which can contribute to dysphagia and act as a confounder in
our analysis.

Statistical Analysis

RESULTS

Demographic, clinical, and treatment variables and distribution of MDADI scores by these
variables were summarized using descriptive statistics and univariate analysis. With a rare
event leading to small case numbers for our primary exposure (LCNP), imputation of
MDADI scores was conducted to minimize loss of statistical power due to skipped or
missing MDADI items. Imputation used the mean of responses to MDADI items among
those patients who responded to that specific item (mean score among non-missing on that
item).35 Post-hoc sensitivity analysis was conducted to assess the impact of imputed,
missing MDADI responses on study results.

Multiple linear regression was used to investigate the association between late LCNP and
MDADI scores controlling for confounders following model building strategies using the
purposeful variable selection method.3¢ Age, subsite, T-stage, treatment modality and
smoking based on previous literature were defined a priori as clinically important variables
and retained for adjustment in all models. Variance inflation factor was used to assess
collinearity among variables. Biologically plausible interaction terms were also assessed
using the likelihood ratio tests and were considered statistically significant when p-values
were < 0.05. Adequacy and fit of model were assessed using R squares, adjusted R squares
and Chi-square goodness of fit tests. Coefficients (univariate and multivariate adjusted) for
impact of late LCNP on MDADI scores and their 95% confidence intervals (CI) were
estimated. As secondary analyses, the relationships between late LCNP and functional status
metrics were assessed according to their distributions using the Fisher’s exact test, Wilcoxon
rank-sum test, and Kruskal Wallis test. All reported p-values are two-sided and considered
statistically significant at p-value of < 0.05. Statistical analysis was conducted using the
STATA software, version 14.0 (StataCorp LP, College Station, TX).

Sample Characteristics

A total of 889 eligible OPC survivors with a median survival time 7.0 (range, 1-16) years
were included in the analysis. Table 1 displays the distribution of demographic, tumor, and
treatment-related characteristics in the study population. The patient characteristics of this
study population have been described fully in an earlier publication.1® Briefly, 84.7% were
male, 92.4% were white, 71.7% were educated beyond high school, 76.4% had been treated
for T1-T2 tumors, 98.9% could eat a normal solid-food diet prior to treatment, 99.1% were
treated with RT of which 76.6% were treated with intensity-modulated radiotherapy split-
field technique (IMRT-SF) and median radiation dose was 70 Gy (range, 40-73 Gy).
Definitive surgery was rare (2.7%).
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Overall, 36 (4.0%) OPC survivors were diagnosed with late LCNP with median time to
LCNP onset after treatment of 5.3 (range, 0.3-12.3) years. Among them, 21 (58.3%) of
LCNP cases had been treated for T1-T2 tumors, 35 (97.2%) reported eating a normal solid-
food diet prior to treatment, all 36 of them received RT, 23 (63.9%) were treated with RT in
combination with systemic treatment, 2 (5.6%) had surgery to the primary OPC tumor, 9
(25.0%) had neck dissection, and 23 (63.9%) were treated with IMRT-SF.

MDADI composite scores

The MDADI composite scores reported by OPC survivors are summarized in Table 1.
Lowest (worse) scores were reported by patients with T4 tumors (68.7 + 18.9) and those
treated with 3-dimensional conformal RT technique (67.8 £ 20.4), whereas the highest
(better) scores were reported by patients who did not receive RT (89.9 + 9.4) and those
treated with proton therapy (87.5 = 11.3). Unadjusted univariate analyses demonstrated that
survival time, education, T-classification, smoking, therapeutic modality, chemotherapy, RT
dose, fractionation, and modality, and stricture had significant associations (p<0.25) with
composite MDADI scores. Composite MDADI scores were also significantly different based
on patient-reported diet levels at the time of survey (p< 0.001).

Late LCNP cases reported significantly worse composite MDADI scores compared to those
without LCNP (LCNP: 68.0 + 17.4, 95%ClI, 62.1 to 73.9 vs. no LCNP: 80.2 £ 16.3, 95%Cl,
79.1 to 81.3, p< 0.001). Multiple linear regression identified that late LCNP was
significantly associated with lower (worse) composite MDADI scores (coefficient, —6.7;
95%Cl, —12.0 to —1.3; p value = 0.015; adjusted R2, 0.13) after adjusting for age, survival
time, sex, education, subsite, T-stage, smoking, therapeutic modality, RT modality, solid
food diet prior to treatment, and stricture. These results have been summarized in Table 2.
When MDADI composite scores were categorized, 38.9% (14/36) LCNP cases had poor
swallowing scores (MDADI<60) in comparison to 12.9% (110/853) patients without LCNP
(OR=4.3; 95%Cl, 2.2 to 8.6).

MDADI Subscale Scores

Late LCNP cases reported significantly lower (worse) scores on all MDADI subscales and
on global MDADI scores. The associations remained significant in multiple linear regression
models after adjusting for significant covariates. These results are summarized in Table 3.
Additionally, global MDADI scores were also highly correlated with composite MDADI
scores (Spearman’s rho = 0.8, p<0.001).

Functional status metrics

LCNP status also significantly associated with (p <0.001) worse functional outcomes and
health metrics reported by the patient or chart abstracted at the time of survey as detailed in
Table 4. LCNP cases were more likely to have a current feeding tube (OR= 20.5; 95%Cl, 8.6
to 48.9), history of aspiration pneumonia (OR= 23.5; 95%Cl, 9.6 to 57.6), tracheostomy
(OR=26.9; 95%Cl, 6.0 to 121.7), and were more likely to have undergone dilation for
stricture (OR= 12.3; 95%ClI, 4.2 to 36.3) than patients without LCNP. LCNP cases were also
more likely to report restricted oral diets at the time of survey (LCNP: OR=3.5; 95%Cl, 1.5
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to 8.3). Mean percentage of reported weight loss from baseline weight to weight at time of
survey was also significantly higher among LCNP cases than patients without LCNP
(LCNP: mean 11.7% vs. no LCNP: 6.0%, p=0.002).

DISCUSSION

Late LCNP is rare with reports of incidence ranging from 3.7% to 25.6%. However, our
previous report confirmed high symptom burden among OPC survivors who developed
LCNP, with largest effect sizes (coefficient, 2.3 of 10) on swallowing-related symptoms.26
This phenomenon is also clinically recognized, but previous work has failed to quantify the
impact of LCNP on individual swallowing domains and functional metrics. This large
single-center cross-sectional survivorship survey study among OPC survivors provides a
comprehensive evaluation and found significant associations with moderate effect size
between late LCNP and overall swallowing-related quality of life, domain-specific
swallowing function, as well as functional status metrics related to swallowing.

Overall, swallowing-related quality of life among all 889 OPC respondents suggested most
survivors perceived acceptable levels of functioning (as per composite MDADI means of
79.7 + 16 and 55.2% of survivors reported composite scores =80), but the small group of
survivors (n=36) with late LCNP reported a clinically meaningful reduction of > 10 points
difference relative to survivors without LCNP in univariate analyses.3” This meaningful
reduction was observed for all summary and domain-specific MDADI scores. After
multivariate adjustment for clinical covariates, on an average, composite MDADI scores
were 6.7 points lower (worse) among late LCNP cases versus those without late LCNP. The
adjusted R? demonstrated that late LCNP explained 13% of the variation in composite
MDADI scores after accounting for the effect of other covariates, which according to
Cohen’s criteria is a moderate effect.3® This moderate effect size is consistent with effect
estimate for the impact of LCNP on patient-reported MDASI-HN swallowing/chewing
symptoms (coefficient, 2.3 of 10) reported in an earlier study and may in part reflect the
subjective nature of PROs that likely vary with individuals’ overall contentment and
satisfaction with life and functional abilities.12 1339

Late LCNP was also significantly associated with all domain-specific MDADI subscale
scores. Late LCNP cases experienced the greatest deterioration of physical subscale scores
which represent patient perception of swallowing ability; LCNP explained 10% of the
variation in this domain controlling for important confounders. Previous studies have also
reported lowest MDADI scores on the physical subscale among HNC patients.19: 37 Further,
among late LCNP cases, the least impact of nerve injury was on the emotional subscale
scores. Emotional subscale scores reflect psychological response to diminished swallowing
ability and functional subscale scores reflect the impact of swallowing impairment on daily
functioning and activities.32 Previous studies among HNC patients have reported the highest
subscale scores in the functional domain and substantial recovery of emotional MDADI
scores over time.10: 40 This may be indicative of adjustment and adaptation to a decline in
swallowing function overtime.40

Head Neck. Author manuscript; available in PMC 2020 May 21.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Aggarwal et al.

Page 9

It is generally believed that PRO instruments may underestimate the prevalence of
dysphagia.#0: 41 For this reason, we also explored the relationship between LCNP with other
functional status measures of swallowing ability. As expected, late LCNP status was also
significantly associated with worse functional status metrics including current feeding tube
status, normalcy of diet, public eating, self-reported history of aspiration pneumonia, weight
loss since diagnosis, understandability of speech, tracheostomy, and esophageal dilations
due to presence of stricture. Thereby late LCNP was consistently associated with substantial
functional morbidity among OPC survivors. These results are not surprising given the degree
of swallowing dysfunction previously reported among long-term OPC survivors in earlier
case reports that suggested that treatment-related LCNP may play a major role in late RAD,

and precipitate delayed but extreme oropharyngeal impairment as recorded by MBS studies.
1,21,22

Approximately one-third (28.6%) of late LCNP patients in our study, reported having a
feeding tube at the time of survey. High rates of gastrostomy dependence among LCNP
cases again support a high prevalence of dysphagia in this population. In an earlier study
among OPC patients with advanced stage treated with concurrent RT and chemotherapy,
feeding tube use had the maximum impact on QOL (=30 points compared to controls)
evaluated by SF36 and HNQOL .42 Late LCNP cases also had significantly higher rates of
aspiration pneumonia (32.3%), which support association with high dysphagia-related
morbidity. Similarly, a study using SEER data among HNC patients treated with
chemoradiation reported 23.8% five-year rates of aspiration pneumonia.*3 Additionally, as
late LCNP occurs many years after treatment with a tendency for silent aspiration,
symptoms of LCNP may be missed due to lack of adequate surveillance among OPC
survivors. This may further enhance risk of aspiration pneumonia and contribute to
debilitating functional morbidity with increased feeding tube dependence, hospitalization,
weight loss, and life-threatening complications.

Overall, late LCNP with accompanying dysphagia is a clinical condition of great concern as
it does not typically respond well to treatment. With progressive long-term functional
decline onset with aspiration and recurring aspiration-pneumonia, long-standing feeding
tube dependence and elective laryngectomy may be required.l 16: 21, 22,44 Therefore, risk-
reduction and management of late effects like LCNP, late-RAD and associated functional
toxicities need to be prioritized in contemporary HNC treatment and management. This
research may help to provide benchmarks for novel interventions and surveillance efforts.
Routine PRO administration coupled with instrumental examination using Fiberoptic
Endoscopic Evaluation of Swallowing (FEES) and MBS may also help identify patients in
need of more intense, targeted therapy.** Multi-disciplinary supportive treatment including
routine swallowing and speech assessment, risk-based treatment planning, swallowing and
nutritional therapy, counselling to improve coping skills, and guidance in effective meal
preparation may help to attenuate the impact of late LCNP-associated swallowing

impairment, diminish life-threatening complications, and enhance swallowing-related QOL.
44

This study is the first to quantify the association between late LCNP and swallowing-related
quality of life in a study population of almost 900 OPC survivors finding the hypothesized
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significant associations. However, there are limitations to acknowledge. Complete case
analysis was not feasible as 126/889 (14.2%) respondents returned surveys with skipped or
missing MDADI items. Thus, complete case analysis would have contributed to attrition of
approximately one-third of LCNP cases that would have substantially diminished power in
our study that focused on a rare event like LCNP. Therefore, we imputed missing MDADI
scores. The validity of our imputed results is supported by sensitivity analyses finding
similar effect size estimates using imputed vs non-imputed data (Appendix: Table 1). Since
respondents were far more likely not to have LCNP (given the low rate of LCNP) and report
higher (better) scores, imputation using the group mean was more likely to bias study effect
estimates towards the null. Thereby, our study results may underestimate the impact of late
LCNP on MDADI scores. Post-imputation, unadjusted means and accompanying standard
deviations of composite, global, emotional, physical, and functional scores were similar to
estimates of means and standard deviations of an earlier study among HNC patients.3’
Further, consistency of results with previous literature was demonstrated as survivors in our
study treated with multimodality treatment versus single modality, those who did not receive
chemotherapy versus those who did, those treated with accelerated RT versus standard
fractionation, those who received conventional 3D conformal RT versus IMRT/ proton
therapy and current smokers versus never smokers reported significantly worse composite
scores and those with early stage versus more advanced stages reported significant positive
trend for better swallowing scores® 8-10.33. 44 These results indicate that our primary
outcome variable, composite MDADI variable consistently performed well and showed
expected variation across clinical and tumor-related factors. Large and statistically
significant differences in functional metrics by LCNP status also support our findings of
high functional morbidity among LCNP cases. Our study results also support a previous
survey analysis in this study population, which used complete case analysis of MDASI-HN,
with low attrition of cases due to missing data and demonstrated a strong impact of LCNP
on swallowing, choking, mucus, fatigue and voice symptoms.2% Our study may also be
subject to limitations inherent to cross-sectional PRO survey collection including survival
bias, which we tried to alleviate by controlling for survival time in all our multivariate
models. Finally, our study population has been treated at a single tertiary cancer care
institution and its demographic characteristics may limit generalizability to other more
varied populations. However, our study population demographics are similar to those
expected among OPC patients across the US.

CONCLUSIONS

In this large cross-sectional analysis, OPC survivors with late LCNP had significantly lower
(worse) swallow-related QOL as per MDADI scores with significantly higher likelihood of
adverse functional status metrics like dietary restrictions, nutritional impairment, weight-
loss, decline in public food consumption with possible consequences of social isolation,
aspiration pneumonia, long-term feeding tube dependence, and tracheostomy. These data
support and quantify the detrimental relationship of late LCNP with swallowing-related
measures.

Head Neck. Author manuscript; available in PMC 2020 May 21.
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APPENDIX:
Table 1:
SENSTIVITY ANALYSIS COMPARING IMPUTED VERSUS NON-IMPUTED MDADI
SCORES
IMPUTED MDADI SCORES NON-IMPUTED MDADI SCORES
MDADI Multivariate Analysis Coefficient | P Value | Multivariate Analysis Coefficient | P Value
SCORE (95%Cl) (95%Cl)
Composite -6.7 (-12.0to -1.3) 0.015 -4.8(-11.3t0 1.6) 0.142
Global -9.1(-17.0t0 -1.3) 0.023 -10.6 (-18.9 to -2.4) 0.012
Emotional -5.9 (-11.4t0 -0.3) 0.038 -5.6 (-11.7 t0 0.6) 0.077
Physical -7.7(-14.0t0 -1.3) 0.018 -7.8 (-15.0 to -0.6) 0.033
Functional -6.0 (-11.4 to -0.6) 0.028 -5.3(-11.1t0 0.5) 0.073

Comment: Other than Composite scores all effect estimates are not very different.
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Multivariate Adjusted Late LCNP Coefficients
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Figure 1. Multivariate Adjusted Coefficients for Late LCNP and MDADI Scores.
Multiple linear regression models adjusted for age, survival time, sex, education, subsite, T-

stage, smoking, therapeutic modality, RT modality, solid food diet prior to treatment, and
stricture. The regression model for global scores adjusted for an additional variable, neck

dissection.

Abbreviations: MDADI, MD Anderson Dysphagia Inventory (MDADI); LCNP, lower

cranial neuropathy.
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Table 1:

Patient Characteristics (N=889), late LCNP rate, and mean composite MDADI scores

Page 16

Composite MDADI Score * Standard

Variables All Patients (n=889) Patient(sn\i/i3t8 LCNP All patients (n=889) p-value® b
Continuous Variables

Age at diagnosis, median (range) 56 (32-84) 57 (42-72) rho = -0.034 0.306
Survival time, median (range) 7 (1-16) 10.5 (2-16) rho = -0.076 0.023
Radiation Dose, Gy. median (range) 70 (40-73) 70 (60-72) rho = -0.201 <0.001
Categorical Variables All Patients n (%0) n (%) Ea(;ci’\eigts with All patients (n=889) P—valueb
Sex 0.443
Female 136 (15.3) 5(3.7) 78.3+175

Male 753 (84.7) 31(4.1) 79.9 +16.3

Education <0.001
<Highschool 168(18.9) 8(4.8) 75.6 +16.7

>Highschool 637(71.7) 27(4.2) 80.9 +15.9

Missing 84(9.4) 1(1.2) 78.6 +18.9

Race 0.983
Others 59(6.6) 3(5.0) 78.5+20.0

White 821(92.4) 32(3.9) 79.8 +16.2

Missing 9(1.0) 1(11.1) 78.4+19.3

Primary Site 0.200
Tonsil 438(49.3) 17(3.8) 80.3 +16.4

Base of Tongue 451(50.7) 19(4.2) 79.1£16.6

T classification <0.001
1 334(37.6) 8(2.4) 82.6 +15.2

2 345(38.8) 13(3.8) 80.8 +15.7

3 131(14.7) 8(6.1) 75.8 +17.0

4 79(8.9) 7(8.9) 68.7 +18.9

N classification 0.007
NO 81(9.1) 3(3.7) 79.9 +16.1

N1+2a 236(26.5) 7(2.9) 81.8 +14.7

2b+3 429(48.3) 19(4.4) 80.1+16.4

2c 143(16.1) 7(4.9) 74.7 +18.9

HPV status 0.033
Negative 56(6.3) 2(3.6) 80.9 +16.8

Positive 429(48.3) 9(2.1) 81.0+15.9

Unknown 404(45.4) 25(6.2) 78.1+17.0

Smoking <0.001
Never 409(46.0) 16(3.9) 81.4 +16.2

Former 422(47.5) 17(4.0) 79.0 +16.3
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Current

Solid Food pre-Tx
Yes

No

Treatment Group
Single Modality
Multimodality
Treatment Group
RT alone

Surgery alone

RT plus systemic
Surgery plus adjuvant
Radiotherapy

No

Yes
Chemotherapy
No

Yes

Surgery

No

Yes

Neck Dissection
No

Yes

RT Schedule
Standard Fractionation
Accelerated

Other

RT Type

3d Conformal
IMRT-SF
IMRT-WF

Proton

IMRT lIpsilateral
Dilation/Stricture
No

Yes

58(6.5)

879(98.9)
10(1.1)

278(31.3)
611(68.7)

270(30.4)
8(0.9)
596(67.0)
15(1.7)

8(0.9)
881(99.1)

284(32.0)
605(68.0)

865(97.3)
24(2.7)

665(74.8)
224(25.2)

778(88.3)
95(10.8)
8(0.9)

50(5.7)
675(76.6)
33(3.8)
23(2.6)
100(11.3)

873 (98.2)
16 (1.8)

3(5.2)

35(4.0)
1(10.0)

11(4.0)
25(4.1)

11(4.1)
0
23(3.9)
2(13.3)

0
36(4.1)

11(3.9)
25(4.1)

34(3.9)
2(8.3)

27(4.1)
9(4.0)

21(2.7)
15(15.8)
0

9(18.0)
23(3.4)
1(3.0)
1(4.4)
2(2.0)

31(3.6)
5(31.3)

72.5£17.9

79.9 £14.0
79.7 £16.5

83.2+14.3
78.1£17.2

83.0+14.4
89.9+9.4
78.1%17.3
78.4 £14.2

89.9+9.4
79.6+16.5

83.0 £14.3
78.1%17.2

79.6 £16.6
83.0£13.8

79.9 £16.5
79.0 £16.5

80.3 £16.1
73.5+18.3
78.3£24.3

67.8 £20.4
79.6 £16.1
74.7%17.8
87.5+11.3
84.9£14.3

80.0+16.3
61.0 £ 14.6
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0.846

<0.001

0.001

0.068

<0.001

0.403

0.431

0.002

<0.001

<0.001

Abbreviations: T, tumor; RT, radiotherapy; MDADI, MD Anderson Dysphagia Inventory (MDADI); rho, Spearman rho; pre-Tx, pre-treatment; 3d
Conformal, Three Dimensional (3D) Conformal Radiation Therapy; IMRT-SF, Intensity-modulated radiation therapy with split field technique;
IMRT-WF, Intensity-modulated radiation therapy with whole field technique.

a . . . .
P-value for Continuous Variables and Composite scores calculated using Spearman Test.

b . . . . .
P-value for Categorical Variables and Composite scores calculated using Kruskal Wallis Test.
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Table 2

Univariate and Multivariate Regression: Composite MDADI® (N=889)
Variables Univariate Analysis Coefficient (95%CI) P value Multivariate Analysis Coefficient (95%CI) P value
Late LCNP
No Reference Reference
Yes -12.2 (-17.6, -6.7) <0.001 -6.6 (-12.0, -1.3) 0.015
Age at diagnosis -0.1(-0.2,0.1) 0.328 -0.1(-0.2,0.1) 0.275
Survival Time -0.4(-0.7,-0.1) 0.009 -0.2 (-0.6,0.1) 0.151
Radiation Dose -1.1(-1.5,-0.7) <0.001
Sex
Female Reference Reference
Male 1.6 (-1.4,4.6) 0.305 2.3(-06,5.2) 0.119
Education
<Highschool Reference Reference
>Highschool 5.3 (25,8.1) <0.001 4.2 (15,6.9) 0.002
Missing 3.0(-1.3,7.3) 0.167 2.8(-1.4,7.0) 0.196
Race
Others Reference
White 1.3(-3.1,5.7) 0.556
Missing -0.1(-11.7, 11.5) 0.987
Primary Site
Tonsil, soft palate, & Reference Reference
pharyngeal wall
Base of tongue & GPS -1.2(-3.4,1.0) 0.282 -11(-34,12) 0.334
T classification
1 Reference Reference
2 -1.8(-4.2,0.6) 0.139 -1.1(-36,15) 0.407
3 -6.9 (-10.1, -3.6) <0.001 -3.3(-6.8,0.3) 0.069
4 -14.0 (-17.9, -10.0) <0.001 -9.9 (-14.1, -5.8) <0.001
Smoking
Never Reference Reference
Former -2.4 (-4.6,-0.1) 0.039 -1.6 (-3.8,0.5) 0.141
Current -8.9(-134,-4.3) <0.001 -7.0(-11.4,-2.7) 0.001
Solid Food pre-Tx
Yes Reference Reference
No -0.2 (-10.5,10.1) 0.965 -2.1(-12.0,7.8) 0.675
Treatment Group
Single modality Tx. Reference Reference
Multimodality Tx. -5.1(-7.4,-2.8) <0.001 -2.7(-5.4,-0.1) 0.046
Radiotherapy
No Reference
Yes -10.4 (-21.9, 1.1) 0.077
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Variables Univariate Analysis Coefficient (95%CIl) P value Multivariate Analysis Coefficient (95%CI) P value
Chemotherapy
No Reference
Yes -4.9 (-7.2, -2.6) <0.001
Surgery
No Reference
Yes, 3.5(-3.2,10.1) 0.310
Neck Dissection
No Reference
Yes -0.9 (-3.4, 1.6) 0.497
RT Schedule
Standard Fractionation Reference
Accelerated -6.9 (-10.4, -3.4) <0.001
Missing -2.0 (135, 9.4) 0.731
RT Type
3d Conformal Reference Reference
IMRT-SF 11.8 (7.2, 16.4) <0.001 8.1(3.1,13.1) 0.002
IMRT-WF 6.9 (-0.2, 14.0) 0.057 5.9 (-1.3, 13.0) 0.107
Proton 19.7 (11.7, 27.7) <0.001 14.4 (6.0, 22.9) 0.001
IMRT-Ipsilateral 17.1 (11.6, 22.5) <0.001 9.9 (3.8, 16.0) 0.002
Stricture/Dilation
No Reference
Yes -19.0 (-27.1, -10.9) <0.001 -13.1(-21.1,-5.2) 0.001

Abbreviations: T, tumor; RT, radiotherapy; MDADI, MD Anderson Dysphagia Inventory (MDADI); rho, Spearman rho; pre-Tx, pre-treatment; 3d
Conformal, Three Dimensional (3D) Conformal Radiation Therapy; IMRT-SF, Intensity-modulated radiation therapy with split field technique;
IMRT-WF, Intensity-modulated radiation therapy with whole field technique. Statistical significance p value < 0.25 after Univariate Analysis.
Statistical significance p value < 0.05 after Multivariate Analysis.

a . . .
Missing values imputed.
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Table 3:
MDADI Scores by late LCNP Status (N=889)
Mean * SD (95%Cl) Analysis Coefficient (95%CI)
MDADI Patients with LCNP Patients without Pvalue Univariate (95%CI) Multivariate (95%Cl) P value
SCORES® (n=36) LCNP (n=853)
Composite 68.0+17.4 (62.1to 80.2+16.3 (79.1to <0.001 -12.2(-17.6t0 -6.7) -6.7 (-12.0to -1.3) 0.015
73.9) 81.3)
Global 65.1+28.9 (55.3 to 81.3+£23.2(79.8t0 <0.001 -16.3(-24.1t0-8.4) -9.1(-17.0to -1.3) 0.023
74.8) 82.9)
Emotional 70.1+19.2 (63.6 to 76.5)  81.0+16.4 (79.9 to <0.001 -10.9(-16.5t0-5.4) -5.9(-11.4 to -0.3) 0.038
82.1)
Physical 62.5+18.0 (56.4 t0 68.6)  75.9+19.0 (74.6 to <0.001 -135(-19.8t0-7.1) -7.7(-14.0t0 -1.3) 0.018
77.2)
Functional 74.4+20.7 (67.4t0 81.4) 86.0+16.1(84.9t0 <0.001 -11.6(-17.1t0-6.1) -6.0 (-11.4 to -0.6) 0.028
87.1)

Abbreviations: MDADI, MD Anderson Dysphagia Inventory (MDADI); LCNP, lower cranial neuropathy. Multiple linear regression models
adjusted covariates including, age, survival time, sex, education, subsite, T-stage, smoking, therapeutic modality, RT modality, solid food diet prior
to treatment, and stricture. The regression model for global scores adjusted for an additional variable, neck dissection.

a . . .
Missing values imputed.
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Table 4:

Functional Status Metrics by late LCNP status (n=889)

Page 21

Variables Patients with LCNP n (%) Patients without LCNP n P-value Crude OR
(%) (95%Cl)

Current Feeding Tube <0.001

No 25 (71.4) 819 (98.1) Reference

Yes 10 (28.6) 16 (1.9) 20.5 (8.6 t0 48.9)

Normalcy Diet <0.001

Full Diet no restrictions 6(18.2) 357 (43.7) Reference

Full Diet with liquid assist 8(24.2) 315 (38.5) 3.5 (1.5108.3)

Solid food but avoid some hard to eat foods 10 (30.3) 96 (11.7)

Soft chewable foods 2 (6.1) 33 (4.0)

Non-chewable or pureed foods 1(3.0) 3(0.4)

Warm and cold liquids 2(6.1) 10(1.2)

Not eat or drink anything by mouth 4(12.1) 4 (0.5)

Public Eating <0.001

No restriction of place/food/companion 8 (25.8) 582 (70.3) Reference

No restriction of place, but restrict diet in 14 (45.2) 191 (23.1) 6.8 (3.1to0 15.1)

public

In presence of selected person in selected 7 (22.6) 36 (4.3)

places

Only eat at home with selected persons 1(3.2) 14 (1.7)

Always eat alone 1(3.2) 5 (0.6)

Aspiration Pneumonia <0.001

No 21(67.7) 741 (98.0) Reference

Yes 10 (32.3) 15 (2.0) 23.5(9.6 t0 57.6)

Weight loss 0.050

No 4(11.4) 202 (24.4) Reference

Yes 31(88.6) 626 (75.6) 2.5(0.9t06.9)

Change in Weight: mean, median (range)” 22.9,16.8(14.2,87.8) 13.3,9.4(103.1,164.6) 0.005

% Change in Weight; mean + SD, median, 11.7+£10.4, 9.9(-7.9,33.4) 6.0 £10.7,5.1(-96.4, 43.4) 0.002

(range)

Understandability of Speech <0.001

Always understandable 6 (17.6) 528 (63.3) Reference

Understandable most of the time 16 (47.1) 269 (32.3) 8.1(3.4t019.2)

Usually understandable 3(8.8) 19 (2.3)

Difficult to understand 8(23.5) 17 (2.0)

Never understandable 1(2.9) 1(0.1)

Tracheostomy 0.001

No 31(91.2) 834 (99.6) Reference

Yes 3(8.8) 3(04) 26.9(6.0 to 121.7)

Dilation/ Stricture <0.001

No 31(86.11) 842 (98.71) Reference
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Variables Patients with LCNP n (%) Patients without LCNP n P-value Crude OR
(%) (95%Cl)
Yes 5(13.89) 11 (1.29) 12.3 (4.2 t0 36.3)

P values estimated by Fishers Exact Test.

& bP values estimated by Wilcoxon Rank-Sum Test. Odds Ratio for normalcy of diet calculated with full diet no restrictions as reference category
and all other categories collapsed. Odds Ratio for public eating calculated with no restriction of place/food/companion as reference category and all
other categories collapsed. Odds Ratio for understandability of speech calculated with always understandable as reference category and all other
categories collapsed.
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