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Abstract

Objective—To determine the factors associated with longitudinal patient-reported dysphagia as 

measured by the MD Anderson Dysphagia Inventory (MDADI) in locoregionally advanced 

oropharyngeal carcinoma (OPC) survivors treated with split-field intensity modulated radiotherapy 

(IMRT).

Methods—A retrospective analysis combined data from three single-institution clinical trials for 

stage III/IV head and neck carcinoma. According to trial protocols, patients had prospectively-

collected MDADI at baseline, 6, 12, and 24 months after treatment. OPC patients with baseline 

and at least one post-treatment MDADI were included. Longitudinal analysis was completed with 

multivariate linear mixed effects modeling.

Results—116 patients met inclusion criteria. Mean baseline MDADI composite was 88.3, 

dropping to 73.8 at 6 months, and rising to 78.6 and 83.3 by 12 and 24 months, respectively 

(compared to baseline, all p<0.0001). Tumor stage and smoking status were significant predictors 

of longitudinal MDADI composite scores. Patients with T1, T2, and T3 tumors had 15.9 

(p=0.0001), 10.9 (p=0.0049), and 7.5 (p=0.0615), respectively, higher mean MDADI composite 

than those with T4 tumors, and current smokers had a 9.4 (p=0.0007) lower mean MDADI 

composite than never smokers.

Conclusion—Patients report clinically-meaningful dysphagia early after split-field IMRT for 

locoregionally advanced OPC that remains apparent 6 months after treatment. MDADI scores 
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recover slowly thereafter, but remain depressed at 24 months compared to baseline. Higher tumor 

stage and smoking status are important markers of patient-reported function through the course of 

treatment, suggesting these are important groups for heightened surveillance and more intensive 

interventions to optimize swallowing outcomes.
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Introduction

It is now well-recognized that human papilloma virus (HPV)-associated oropharyngeal 

carcinoma (OPC) is occurring at an unprecedented rate. Patients with this distinct subtype of 

head and neck cancer (HNC) have a relatively favorable prognosis, and so are living longer 

[1-5]. This has created a situation for healthcare teams managing HNC patients that 

necessitates careful consideration of treatment endpoints that includes not only survival 

measures, but also survivor function. Central to these efforts rests the ability to accurately 

characterize longitudinal outcomes that adversely impact the quality of life (QOL) and 

health of OPC survivors [6-8]. Chief among these functional outcomes is dysphagia, a 

common but still poorly understood long-term toxicity with potentially devastating QOL 

effects and secondary morbidity [8-11].

The MD Anderson Dysphagia Inventory (MDADI) represents the most widely employed 

patient-reported outcome (PRO) metric for the assessment of swallowing through questions 

directed at the emotional, functional, and physical impact of patient-perceived function 

[12-15]. A number of investigators have described cross-sectional MDADI outcomes in 

heterogeneous HNC survivors [13, 16]. Fewer have characterized MDADI changes 

longitudinally among OPC patients, and these assessments typically follow patients through 

only the first year or less either due to follow-up limitations or based on the notion that all 

measureable recovery has occurred by this time [11, 17, 18]. OPC-specific MDADI reports 

beyond the first year of survivorship are severely limited by small sample size or cross-

sectional design [16, 19, 20]. Empirical evidence suggests that continued gains in patient-

reported function may occur as the follow-up interval lengthens beyond one year though few 

studies address this topic and no OPC-specific cohorts include the MDADI as an outcome 

measure [6, 10]. Though evidence is very limited regarding predictors of MDADI scores at 

individual time points and/or longitudinally, patient age, tumor site and stage, radiation dose, 

and pre-treatment MDADI are among factors reported [11, 21]. Given the increasing 

utilization of PRO metrics such as MDADI from baseline through treatment and into 

survivorship, the aim of this study is to present longitudinal MDADI results in locally 

advanced OPC survivors treated with intensity modulated radiotherapy (IMRT) and to assess 

for clinical predictors of patient-reported swallowing function through two years of follow-

up.
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Methods

Patient selection and variables

This IRB-approved analysis combined data from three single-institution clinical trials for 

stage III/IV head and neck carcinoma. According to trial protocols, patients had 

prospectively-collected MDADI at baseline (i.e. prior to treatment), 6, 12, and 24 months 

after treatment. Patients treated with intensity modulated radiotherapy for primary squamous 

cell carcinoma of the oropharynx with baseline and at least one post-treatment MDADI were 

sampled from trial databases. Consolidated Standards of Reporting Trials – Patient-Reported 

Outcomes (CONSORT-PRO) criteria are summarized in Table 1. Exclusion criteria were 

recurrence of disease preceding post-treatment MDADI intervals and surgical management 

of the primary site in excess of surgical endoscopy with biopsy and/or diagnostic 

tonsillectomy.

Treatment

All included patients received definitive, split-field IMRT with systemic therapy. 32 patients 

were treated on an induction paclitaxel, cetuximab, and carboplatin (PCC) trial, 65 patients 

on an induction PCC vs cetuximab, docetaxel, cisplatin, and fluorouracil (C-TPF) trial, and 

the remaining 19 on an adaptive-IMRT trial. Trial details and clinical reports have been 

published elsewhere, and are briefly reviewed below.

Induction PCC trial—Patients were given an initial loading dose of cetuximab 400 mg/m2 

followed by 6 weekly cycles of cetuximab 250 mg/m2, paclitaxel 135 mg/m2, and 

carboplatin area under the curve (AUC) 2. Risk-based definitive IMRT commenced 2 to 3 

weeks after induction therapy. Radiation target volumes and local therapy assignments were 

based on pre-induction primary tumor staging: radiation as a single modality for T1-T2 and 

concurrent chemoradiation (cisplatin 100mg/m2 on days 1 and 22, weekly cisplatin 

30mg/m2, or weekly carboplatin AUC 2) for T3-T4. Gross disease and margin were 

administered a dose of 66 Gy in 30 fractions for T1 disease and 72 Gy in 40 to 42 fractions 

with a concomitant boost fractionation schedule for patients with T2-4 tumors. All radiation 

schedules were planned for 6 weeks of therapy. Neck dissection was recommended for 

residual adenopathy after completion of chemoradiotherapy.

Induction PCC vs C-TPF Trial—Patients were randomized 1:1 to receive either PCC per 

dosing detailed above or the C-TPF regimen consisting of a loading dose of cetuximab 400 

mg/m2, cetuximab 250 mg/m2 weeks 2, 4, 5, 7, 8, and 3 cycles of every 3 weeks docetaxel 

75 mg/m2 and cisplatin 100 mg/m2 on day 1 with 5-fluorouracil (5-FU) 700 mg/m2/day 

continuous infusion cisplatin 100 mg/m2 on days 1-4. After 2-4 weeks, patients then went on 

to definitive local radiotherapy or chemoradiotherapy (cisplatin 40 mg/m2 or carboplatin 

AUC 2) on the basis of pre-induction stage and HPV-status.

Adaptive IMRT trial—A combined image-guided radiotherapy and adaptive re-planning 

paradigm was used for IMRT delivery. Clinical target volume 1 (CTV1) was treated to 66 to 

70 Gy in 30 to 33 daily fractions. Adaptive re-planning was performed for all patients on 

Goepfert et al. Page 3

Laryngoscope. Author manuscript; available in PMC 2018 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



trial at least once based on daily CT-on-rails images. Systemic therapy was delivered 

concurrently in 95% of patients, most commonly weekly cisplatin 30mg/m2.

MDADI

The MDADI is a 20-item questionnaire initially developed and validated in a diverse group 

of head and neck cancer patients to measure patient-reported quality of life with respect to 

their swallowing function [12]. It includes one question on global function and 19 additional 

questions related to the emotional, functional, and physical aspects of swallowing. Patient 

responses are categorized on a 5-point Likert scale (strongly agree, agree, no opinion, 

disagree, strongly disagree) and converted numerically from 1 (strongly agree) to 5 (strongly 

disagree). Scores can then be summarized by taking either the global item, the average of the 

remaining 19 items, or the average of the subscale items, and multiplying by 20, to yield a 

global, composite, or subscale score, respectively, on a scale from 20 (worst patient-reported 

function) to 100 (best patient-reported function). For this analysis, composite and subscale 

scores were analyzed to provide a representation of both overall and domain-specific 

patient-reported swallowing function, respectively. Furthermore, composite scores were 

categorized for ease of interpretation such that a score ≥80 represented “optimal” patient-

reported swallowing function, <80 but ≥60 represented “adequate”, and <60 “poor”.

Clinical Variables

A review of the electronic medical records of all eligible patients was completed to compile 

clinical variables of interest, including age at presentation, sex, smoking history, HPV- and 

p16-status, cancer stage, primary tumor location, therapeutic combination and radiation/

systemic therapy dosing, and need for post-treatment neck dissection.

Statistical analysis

Patient, tumor, and treatment variables were summarized by descriptive statistics, including 

means (ranges) and counts (percentages). Comparisons of composite and subscale scores 

between individual time points were accomplished by paired t-tests. Longitudinal analyses 

used linear mixed effects modeling with mean MDADI composite score characterized by a 

linear (or first degree) spline basis and knot locations fixed at the middle observed 

acquisition times (6 and 12 months after treatment). Covariates exhibiting significant 

association with MDADI score trajectories were identified initially using univariate analysis. 

For each MDADI score, covariates that attained a p-value <0.20 were subsequently 

considered for multiple regression analysis using the linear mixed effects model. Sensitivity 

analysis was performed to control for the potential effect of differential radiation dosing in 

the final model. To assess for multicollinearity, the variance inflation factor (VIF) was 

calculated. A p-value <0.05 conferred statistical significance. Final results are reported using 

the set of covariates that attained statistical significance in multiple regression analysis. 

Statistical analyses were performed using STATA v14.0 (StataCorp LP, College Station, TX) 

and SAS 9.4 (SAS Institute INC, Cary, NC) data analysis software.
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Results

Patients and Treatment

One hundred sixteen patients were included in the analysis. See Table 2 for demographic 

and tumor specifics. 61.2% of patients had base of tongue primary tumors and 35.3% were 

stage T3 or T4. HPV and/or p16 status was known as positive in 66.4% of patients. Among 

the 29 patients with unknown HPV and p16 status, 17 (58.6%) were never smokers. 83.6% 

of patients underwent induction and 56% received concurrent chemotherapy. 39.7% received 

induction followed by concurrent therapy. All patients received at least 66 Gy irradiation 

with 69% treated to 70 Gy or more. 19.8% of patients had a post-treatment neck dissection 

for concern of residual regional disease.

MDADI Composite and Subgroup Results

Mean baseline MDADI composite score was 88.3 (76% optimal, 19% adequate, 5% poor), 

dropping to 73.8 at 6 months (34% optimal, 53% adequate, 13% poor), and rising to 78.6 

and 83.3 by 12 (45% optimal, 42% adequate, 13% poor) and 24 months (61% optimal, 32% 

adequate, 7% poor), respectively, relative to baseline (Figure 1). MDADI composite at 24-

months remained significantly depressed compared to baseline (p<0.0001). All other 

pairwise comparisons between time points are also listed in Figure 1. 33%, 28%, and 17% of 

patients experienced a 20 point MDADI composite drop (Δ20) compared to baseline at 6, 

12, and 24 months, respectively. No covariates except the MDADI score at the preceding 

interval were statistically associated with Δ20 patients (data not shown). The overall 

composite trajectory was mirrored in subscale scores (emotional, functional, and physical) 

with the greatest initial decrement and least recovery in the physical domain (Figure 2). All 

24-month subscale results remained statistically depressed compared to baseline (emotional 

p=0.008, functional p=0.006, physical p<0.0001).

Multivariate Longitudinal Analysis

Tumor and nodal stage, smoking status, and pack-years were significant covariates (p<0.05) 

in univariate analysis of MDADI composite score (Table 2). MDADI subscale covariate 

analysis produced similar results. Significant independent associations with MDADI 

composite score trajectory were identified for tumor stage and smoking status in 

multivariable analysis (Table 3). Patients with T1, T2, and T3 tumors obtained an estimated 

15.9 (p=0.0001), 10.9 (p=0.0049), and 7.5 (p=0.0615), respectively, higher mean MDADI 

composite score at any given time in the longitudinal model than those with T4 tumors 

(Figure 3). Sensitivity analysis controlling for radiation dose found nearly identical results 

by tumor stage. The highest VIF between radiation dose and tumor stage was less than 4. 

Current smokers demonstrated an estimated 9.4 (p=0.0007) lower mean MDADI composite 

score than never smokers (Figure 4). Similar trends were also observed for smoking and 

tumor stage with MDADI subscale scores in the longitudinal model (Table 3).

Discussion

Composite MDADI scores are “optimal” (MDADI>80) in over 75% of patients prior to 

treatment. Over the course of the post-treatment interval, patients expectedly communicate 
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the greatest functional decrement at the first follow-up time point (6 months in our schema) 

but a large degree of patients (>90%) report recovery of “adequate” or “optimal” function 

(MDADI>60) by 24 months. Nevertheless, 17% of patients reported a persistently depressed 

MDADI composite (Δ20) at 24 months compared to baseline after split-field IMRT with 

systemic therapy for locoregionally advanced stage OPC. Despite this observation, 88% of 

these patients with a depressed score still reported “adequate” function, while the increment 

in “poor” function was only 2%. On longitudinal analysis, baseline tumor stage and smoking 

status are the strongest predictors of patient-reported swallowing over time, even after 

assessing for multicollinearity with and potential differences in radiation dose by tumor 

stage.

Patients with larger primary tumors have worse baseline and longitudinal function in many 

published reports based on diverse measures of swallowing function such as 

videofluoroscopy (e.g., Penetration-Aspiration Scale scores), validated overall quality of life 

metrics, and measures of oral intake among others [6, 22-24]. Physiologically, it is intuitive 

given that a larger tumor is more likely to involve the normal structures responsible for 

deglutition such as the intrinsic and extrinsic tongue musculature and/or the pharyngeal 

constrictors. Advanced stage primary tumors also require larger clinical target volumes 

making it unavoidable to overlap adjacent swallowing critical structures with therapeutic 

radiation doses, leading to adverse remodeling without regeneration of pre-cancer anatomy. 

A recent publication demonstrated that a difference in MDADI composite score of 10 points 

is statistically associated with clinical meaningful between-group differences in swallowing 

such as feeding tube use, aspiration, oral diet, and PSS-HN diet levels [25]. This provides 

valuable clinical context and a translation of our patient-reported differences in composite 

scores between tumor stages, particularly T1 or T2 compared to T4, into endpoints that are 

more easily grasped by patients and providers alike. Pre-treatment tumor size is 

unfortunately not a factor that can be modified but this information is useful for patient 

counseling on expected functional outcomes. Moreover, presentation of longitudinal 

MDADI results specifically stratified by tumor stage with the inclusion of baseline status 

may allow for more appropriate comparison of MDADI results reported from surgical trials 

or series, which often involve highly selected patients with smaller volume primary tumors.

The significance of smoking status as a marker of poorer longitudinal function may be a 

clinical surrogate for HPV-status, particularly since HPV- and/or p16-status could not be 

meaningfully accounted for in this analysis due to unknown data in roughly 1/3 of patients. 

Several publications have recently presented data on the association of improved quality or 

life and functional outcomes with HPV- and/or p16-associated OPC [26, 27]. Unfortunately, 

these studies do not adequately control for patient and treatment covariates that may also 

influence their endpoints and are statistically different between groups of interest, so it 

remains unclear if improved outcomes are secondary to disease's viral etiology or rather as a 

consequence of better baseline swallowing function due to smaller primary tumors and lack 

of associated comorbidities. In this study, it is possible that poorer patient-reported 

swallowing among smokers may actually reflect poorer physiologic and/or functional 

outcomes secondary to smoking-related hypoxia within the swallowing structures at risk or 

the influence of smoking-related comorbidities in a similar manner that these factors seem to 

influence disease specific and overall survival outcomes [2, 28-31]. We found no difference 
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in longitudinal composite scores between never and former smokers. However, current 

smokers reported a composite score 9.4 points worse than never smokers at any point in 

time. Although the duration of smoking cessation in former smokers was not analyzed in 

this study, these data provide additional support for the importance of smoking cessation and 

additional evidence to bolster the argument that current smokers do worse through measures 

of both disease and functional outcomes.

Published reports on the trend of MDADI subscale scores through treatment are limited in 

both HNC overall and OPC patients in particular. Cartmill et al. presented longitudinal 

results on 12 oropharynx patients through two years after completion of non-surgical 

treatment [20]. Their finding of a decline in all subscales with the physical domain as the 

most affected and only subscale persistently depressed by 2 years compared to baseline is 

supported by our study. Our MDADI findings with regard to the physical subscale are also 

supported by a study from Kanatas et al., which found advanced stage oropharynx survivors 

have the greatest impairment in the physical rather than social-emotional subscale of the 

University of Washington Quality of Life Questionnaire [32]. These findings suggest that 

patients learn to cope with the emotional and functional impact of their cancer and treatment 

despite persistent physical limitations that continue at least into the early years of 

survivorship.

Age, tumor location, nodal status, treatment combination, radiation dosing, and need for 

post-treatment neck dissection did not significantly influence MDADI composite or subscale 

scores in this longitudinal model. Other studies have nicely demonstrated the impact of 

radiation therapy technique, unilateral vs bilateral radiation, and use of chemotherapy on 

patient-reported outcomes including the MDADI [15, 33]. The null associations between 

these factors and MDADI results in our study represent a counterpoint to some of these prior 

reports that can in large part be attributed to a reasonably homogenous cohort with regard to 

radiotherapy technique and disease site. Eligibility criteria and treatment paradigms of the 

parent trials led to a fairly homogenous age of participants, bilateral neck irradiation in all 

patients, and a narrow radiation dose range. While there was heterogeneity in the combined 

regimens of biologic and chemotherapeutic agents by induction and/or concurrent means, 

their impact on dysphagia is unclear. These MDADI data were intentionally presented apart 

from physiologic tests such as videofluoroscopy or other provider-based assessments of 

swallowing function to allow for comprehensive presentation and discussion of a broad 

range of MDADI results as a marker of patient-reported functional outcome results. 

Nevertheless, as medicine moves increasingly towards shared decision making and patient-

centered care, the perspectives of patients must be considered in the context of clinician-

derived measures to provide a comprehensive representation of outcomes such as 

swallowing function [34, 35].

Conclusions

Overall, patients report clinically-meaningful perceived dysphagia early after modern split-

field IMRT for locoregionally advanced OPC that remains apparent 6 months after 

treatment. While MDADI scores recover slowly thereafter, they remain depressed at 24 

months compared to baseline suggesting only partial recovery of perceived swallowing 
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function. The physical subscale most strongly influences the overall MDADI composite 

trend. Analysis of this large cohort demonstrates that higher tumor stage and smoking status 

are important predictors of patient-reported function through the course of treatment, 

suggesting that still refined interventions to maximize functional outcomes and minimize 

persistently depressed patient-reported swallowing are particularly needed in patients 

meeting these criteria.
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Figure 1. 
MDADI Composite Trend and Classification
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Figure 2. 
MDADI Subscale Trend
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Figure 3. 
MDADI Composite Trend by Tumor Stage
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Figure 4. 
MDADI Composite Trend by Smoking Status
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Table 1

CONSORT-PRO Objectives and Methods

Objective Characterize trajectories and predictors of longitudinal patient-reported swallowing outcomes using the MDADI among 
locallyadvanced OPC patients treated non-surgically

Trial Designs Three phase II non-surgical therapeutic clinical trials for locoregionally advanced HNSCC (1: induction PCC trial, 2: 
adaptive IMRT trial, 3: randomized induction PCC v C-TPF trial)

Participants OPC; baseline and at least one post-treatment MDADI

Intervention Primary split-field IMRT with induction and/or concurrent chemotherapy

Outcome MDADI composite score difference at 6, 12, and 24 months compared to baseline (secondary outcome measures from 
trials)

Statistical methods MDADI reports from all available time points (baseline, 6, 12, 24 months) were examined with linear mixed effect 
multivariate models without imputation of missing data.

Abbreviations: CONSORT-PRO, Consolidated Standards of Reporting Trials - Patient-Reported Outcomes; MDADI, MD Anderson Dysphagia 
Inventory; OPC, oropharyngeal carcinoma; HNSCC, head and neck squamous cell carcinoma; T, tumor; N, node; IMRT, intensiy modulated 
radiation therapy
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Table 2

Patient characteristics (n = 116)

Variable n (%)pvalue*

Age, mean (range) 56.5 (39-77)ns

Sex Male
94 (81.0)

e

Female 22 (19.0)−

Primary Site Base of Tongue 71 (61.2)ns

Tonsil 45 (38.8)−

Tumor stage T1
28 (24.1)

c,e,f,p

T2
47 (40.5)

c,e,f,p

T3 30 (25.9)ns

T4 11 (9.5)−

Nodal stage N0/1/2a 11 (9.5)ns

N2b 49 (42.2)ns

N2c
43 (37.1)

c,e,p

N3 13 (11.2)−

HPV/p16 status p16pos &/OR HPVpos 77 (66.4)na

p16neg & HPVneg 1 (0.8)na

P16unknown & HPVneg 9 (7.8)na

P16unknown & HPVunknown 29 (25.0)na

Smoking status Current
25 (21.6)

c,e,f,p

Former 35 (30.2)ns

Never 56 (48.3)−

Pack years, mean (range) All patients
14.8 (0-132)

c,f

p16unknown & HPVunknown 8.1 (0-45)−

Treatment Induction + Concurrent/IMRT
46 (39.7)

p

Concurrent/IMRT 19 (16.4)ns

Induction + IMRT 51 (44.0)−

IMRT Dosing 66Gy 36 (31.0)ns

≥70Gy 80 (69.0)−

Post-treatment neck dissection No 93 (80.2)ns

Yes 23 (19.8)−

Abbreviations: T, tumor; N, node; HPV, human papillomavirus; IMRT, intensity modulated radiotherapy; Gy, gray.

Superscripts:
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*
Univariate longitudinal mixed effects mode with linear spline for MDADI composite and subscale scores, p-value <0.05 is significant; ns, not 

significant

c
composite p-value<0.05

e
emotional subscale p-value<0.05

f
functional subscale p-value<0.05

p
physical subscale p-value<0.05.
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Table 3

Multivariate longitudinal mixed effects model with linear spline for MDADI Composite and Subscale Score 

Estimates

Composite Emotional Functional Physical

Estimate p-value Estimate p-value Estimate p-value Estimate p-value

Smoking status Current −9.404 0.0007 −8.393 0.0014 −10.67 <.0001 −7.382 0.0213

Former 0.3642 0.8827 0.8945 0.7007 −1.838 0.4451 1.6885 0.5611

Never 0 - 0 - 0 - 0 -

Tumor stage T1 15.942 0.0001 14.462 0.0003 13.029 0.0013 16.49 0.0007

T2 10.927 0.0049 11.831 0.0013 8.6327 0.0215 8.4275 0.0631

T3 7.4851 0.0615 8.1539 0.0313 5.2651 0.175 5.4127 0.2445

T4 0 - 0 - 0 - 0 -
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