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Abstract
Purpose—Reporting long-term toxicities in trials of chemo-irradiation (CRT) of head and neck
cancer (HNC) has mostly been limited to observer-rated maximal grades ≥3. We evaluated this
reporting approach for dysphagia by assessing 1) patient-reported dysphagia (PRD), and 2) objective
swallowing dysfunction through videofluoroscopy (VF), in patients with various grades of maximal
observer-reported dysphagia (ORD).

Methods—62 HNC patients completed quality-of-life questionnaires periodically through 12m
post-CRT. Five PRD items were selected: three dysphagia-specific questions, an Eating-Domain,
and “Overall Bother”. They underwent VF at 3m and 12m, and ORD (Common Terminology Criteria
for Adverse Events) scoring every 2 months. We classified patients into four groups (0-3) according
to maximal ORD scores documented 3-12 months post-CRT, and assessed PRD and VF summary
scores in each group.

Results—Differences in ORD scores among the groups were considerable throughout the
observation period. In contrast, PRD scores were similar between Groups 2 and 3, and variable in
Group 1. VF scores were worse in Group 3 compared to 2 at 3m but similar at 12m. In Group 1, PRD
and VF scores from 3 through 12 months were close to Groups 2 and 3 if ORD score 1 persisted, but
were similar to Group 0 in patients whose ORD scores improved by 12m.

Conclusions—Patients with lower maximal ORD grades, especially if persistent, had similar rates
of PRD and objective dysphagia as patients with highest grades. Lower ORD grades should therefore
be reported. These findings may have implications for reporting additional toxicities besides
dysphagia.
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Introduction
Decision making in oncology relies on weighing the potential benefits vs. the toxicities of
specific therapies. However, such decisions are often limited due to inadequacies commonly
found in the reporting of adverse events (AEs) in clinical trials1-3. Problematic aspects of
toxicity reporting in clinical trials in oncology include underreporting of recurrent AEs and
inconsistent and incomplete characterization and reporting of high grade AEs 2,3.

Examination of the reporting of late AEs in key phase II 4-17 or III 18-29 studies of
chemoradiation (CRT) of head and neck cancer (HNC) published since 2000, revealed that
almost all studies reported only the rates of high grade (≥3) observer-rated AEs. In order to
assess the adequacy of reporting observer-rated high grade late AEs, we evaluated a specific
AE, dysphagia, which has emerged in recent years as a major sequel of CRT for HNC and an
important determinant of long-term quality of life (QOL) 30,31,32,33. We have evaluated
dysphagia prospectively through three modalities: observer-rated scores (ORD), patient-rated
scores (PRD), and objective evaluations of swallowing dysfunction. These evaluations, made
synchronously at several time points after CRT, allowed us to assess the adequacy of the
reporting of high grade ORD. In this study we have evaluated the severity of late dysphagia,
measured by PRD and objective swallowing dysfunction, in patient groups stratified according
to the highest ORD grades. Our belief is that the findings of this study may be relevant to the
reporting of other AEs as well.

Patients and Methods
This is an analysis of data obtained in a prospective, longitudinal study of CRT for HNC. Full
details of the study were previously published 34. The study was approved by the Institutional
Review Board of the University of Michigan and all patients signed a study-specific consent
form. Eligible patients were those with Stage III/IV Squamous Cell Carcinoma of the
oropharynx or nasopharynx who had not received prior therapy, had a Karnofsky performance
status ≥ 80, and for whom primary CRT was recommended. The main study objective was
assessing treatment-related effects on dysphagia measures.

Details of therapy have been published elsewhere 34. In brief, intensity modulated radiotherapy
(IMRT) aimed at reducing dysphagia by sparing the parts of the swallowing structures
(pharyngeal constrictors, espophagus, and glottic and supraglottic larynx), as well as the major
salivary glands, which were outside the targets. A dose of 70 Gy to gross disease and 56-63
Gy to subclinical disease was delivered over 35 fractions. Concurrent chemotherapy included
carboplatin (AUC 1) and paclitaxel (30 mg/m2) once a week for patients with oropharyngeal
cancer, and cisplatin, 100 mg/m2 every 3 weeks for patients with nasopharyngeal cancer.
Percutaneous endoscopic gastrostomy feeding tubes (FTs) were inserted if weight loss during
therapy approached 10%.

Objective assessment of swallowing was made by videofluoroscopy (VF), the standard
objective measure for evaluation of swallowing dysfunction 32. VFs were performed pre-CRT
and at 3 months and 12 months post-CRT. Detailed description of the procedure at our
institution has been previously published 35. Each VF was evaluated simultaneously by two
speech pathologists (T.L and M.H.), who summarized and scored the findings after reaching
a consensus36. The summary score was represented on a 1-7 scale with score 1 indicating
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normal swallowing, scores 2-3 mild swallow dysfunction requiring dietary modifications,
scores 4-5 moderate dysfunction requiring therapeutic precautions, and scores 6-7 severe
dysfunction requiring supplemental/complete enteral feeding support 37.

PRD was assessed with the Head and Neck quality of life (QOL) questionnaire (HNQOLQ)
38 and the University of Washington Head and Neck-related QOL questionnaire (UWQOLQ)
39. The HNQOLQ contains an Eating Domain, which includes two dysphagia-swallowing
related questions inquiring about problems in swallowing soft/solid food (q9: “HNQOLQ
Solid”) or liquids (q8:“HNQOLQ Liquids”), and four additional questions which inquire about
difficulties in mouth opening, dryness while eating, problems with chewing, and taste.
HNQOLQ also contains a general question inquiring about the amount of disturbance or bother
as a result of the patient's head and neck condition (q26: “Overall Bother”). All questions have
five possible answers (“not at all”, “slightly”, “moderately”, “a lot”, and “extremely”), rated
numerically from 0 through 4, respectively. The UWQOLQ includes a swallowing question
(q6: “UWQOLQ Swallow”) with five possible answers: “I swallow normally”, “I cannot
swallow certain solid food”, “I can only swallow soft food”, “I can only swallow liquid foods”,
and “I cannot swallow”, rated 0-4, respectively. The items we used for PRD included the 3
individual swallowing questions from the two questionnaires (HNQOLQ Solid, HNQOLQ
Liquids, and UWQOLQ Swallow), the HNQOLQ Overall Bother, and the HNQOLQ Eating
Domain, which was calculated by summarizing the individual questions' scores and
standardizing this score on a 0-4 scale, with higher scores representing worse outcome. Eating
Domain scores were calculated only if responses to ≥ 4 questions were available, with
adjustment for missing questions when appropriate, as detailed elsewhere 38. The
questionnaires were given to patients before CRT and 3, 6 and 12 months post-CRT. The
patients filled the questionnaires on each follow-up clinical visit, prior to evaluation by their
physician, in order to ensure a high rate of compliance.

ORD was scored by the physician treating the patients based on Common Terminology Criteria
for Adverse Events v2.0 (CTCAE) 40. Only one CTCAE item relates specifically to dysphagia:
“Dysphagia (difficulty swallowing)”. It is scored 0-4 (a score of 0 denotes no dysphagia; a
score of 1: symptomatic, able to eat regular diet; a score of 2: symptomatic, altered eating/
swallowing, I.V. fluids indicated < 24 hours; a score of 3: symptomatic, severely altered eating/
swallowing with inadequate caloric or fluid intake, I.V. fluids or FT indicated > 24 hours; and
a score of 4: life-threatening, due to obstruction or perforation). Patients with FTs received
CTCAE score 3 if they were FT dependent but could swallow fluids, and score 4 if they were
completely incapable of swallowing. Scores were determined weekly during CRT, at 1, 3, and
4 months after CRT, and every 2 months thereafter. Scoring was made by a single physician
throughout the study. The scoring physician was blinded to patients' responses to the QOL
questionnaires or the results of VF.

The parameter used for reporting late toxicity in all the phase II-III studies cited in the
Introduction were either FT dependency or the most severe ORD score documented ≥ 3 months
post-CRT 4-33. We therefore used the most severe ORD score observed ≥ 3 months post-CRT
to classify the patients into four groups (i.e. patients with maximal CTCAE score 0, 1, 2 and
3, constituted Groups 0, 1, 2 and 3, respectively), and assessed PRD and VF scores in each
group.

Statistical analysis
The maximal score was determined as described by Trotti et al. 41. Patients were classified
into four groups according to their most severe CTCAE-based dysphagia score (groups 0-3 for
maximal scores 0-3, respectively). For each group, the mean scores for each PRD parameter
were plotted over time. In order to account for repeated assessments over time we computed
the area under the dysphagia-over time curve (AUC) 42-44 for each plot, and divided this value
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by 9 months (the overall duration of follow-up from 3 to 12 months post-therapy), with the
resulting value representing the mean severity of dysphagia over time. Computation of AUC
was achieved by connecting a straight line between every set of adjacent points (i.e. scores at
consecutive time points) and summing up the areas beneath the curve obtained, using the
trapezoid rule. Whenever data was missing the software interpolated based on the available
data. We utilized the Kruskal-Wallis test to assess overall differences in scores between groups,
and Mann-Whitney test to compare specific pairs of groups, if Kruskal-Wallis test was
significant. All statistical tests were two sided at the 5% level. We used GraphPad prism v.5
for the statistical analysis (Graphpad Software, Inc., La Jolla, CA; www.graphpad.com).

Results
Patient Population

Sixty-two of the 79 patients who enrolled to the study had a minimum of one year post-therapy
follow-up data and were included in this analysis. Median age was 56 years (range 38-78);
86% were males, 94% had oropharyngeal carcinoma (mostly tonsil or base of tongue cancers).
Tumor stages were III, IVa, and IVb in 13%, 82%, and 5% of the patients, respectively.

Completeness of Data
VF scores were available for 62, 58, and 59 patients at pre-CRT and at 3 months and 12 months
post-CRT, respectively. ORD scores were available for 62, 60, 59 and 62 patients and PRD
scores were available for 61, 62, 56 and 62 patients, pre-CRT, 3, 6 and 12 months post-CRT,
respectively.

Dysphagia according to ORD scores
Patient groups 0-3, defined according to the maximal CTCAE ORD score reported for each
patient post-CRT, included 13, 34, 8, and 7 patients, respectively. We compared the pre-CRT
PRD and VF scores among the four Groups and did not find any significant differences. There
was a trend towards worse scores in Group 3 according to UWQOL Swallow and HNQOLQ
Overall Bother (p=0.09).

All the patients in group 0 continued (by definition) to have CTCAE score 0 at 12m, while 13
of the 15 patients from Groups 2 and 3 had a score of 1 at 12m (one patient had score 0 and
one patient score 3). 50% of the patients from Group 1 continued to have a score of 1 at twelve
months post-RT, and 50% improved and had CTCAE score 0. We plotted mean post-CRT
CTCAE scores over time for Groups 0-3 and found a clear separation between the curves during
the entire period of follow-up (Figure 1a) as well as statistically significant differences between
the AUCs of the various Groups (Figure 2a). The most substantial difference was found
between Group 3 and Group 2 (AUC values 0.9 and 1.9, respectively; p=0.01).

Dyspagia according to PRD measures
Post-CRT mean PRD scores plotted over time for Groups 0-3 revealed that compared to the
pattern observed with the ORD, the distinction between groups, particularly between Groups
3 and 2, was much less prominent (Figures 1, b-f). Comparisons of the AUC values revealed
that Group 0 had significantly less dysphagia than all other groups according to all PRD
measures (p ≤ 0.03) excluding Overall Bother (p=0.25); Group 1 had significantly less
dysphagia than Group 2 according to HNQOL liquids (p=0.02), HNQOL solids (p=0.01) and
Eating Domain (p=0.0006), and Group 2 had similar scores to Group 3 (p ≥ 0.6).
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Dysphagia according to VF
Comparison of VF summary scores at 3 months and 12 months post-CRT showed that at both
time points Group 0 had significantly better scores than Group 1 (mean scores 2.5 vs. 3.9 and
2.5 vs. 3.8, respectively; p ≤ 0.0009), (Figure 3), and that there was no significant difference
between Groups 1 and 2 (the mean scores for Group 2 at both time-points was 4; p=0.9). Group
3 had significantly worse scores than Group 2 at three months post-CRT (mean score 6;
p=0.02), but not at 12 months post-CRT (mean scores 4.4; p=0.6, Figure 3).

Taken together, the above analyses showed that according to PRD and VF scores, Group 0 did
significantly better than all other groups and Group 2 was similar to Group 3. Group 1, which
was the largest group, was found to be heterogeneous according to all modalities: CTCAE
scores at 12 months were 0 in 50% and 1 in 50%, PRD measures had large standard deviations
(Figure 1-2), and VF scores were low (2-3) in a third of the patients and moderate (4-5) in the
rest. An additional exploration was therefore undertaken for Group 1. We compared patients
from Group 1 whose CTCAE score improved to 0 at 12 months [1(0)] to patients from group
1 whose score persisted to be 1 at 12 months [1(1)] (Figures 1- 2). We found significant
differences between the two sub-groups according to HNQOL Solids (p=0.0004), UWQOL
Swallow (p=0.02), HNQOL Eating Domain (0.0003), HNQOL Overall Bother (p=0.01), and
12 months VF scores (p=0.02). The curves of the mean PRD scores were similar among groups
1(1), 2, and 3, and the AUC values for Group 1(1) were not significantly different from Groups
2 or 3 in any PRD item (p>0.14), except for Eating Domain (p=0.013). Similarly, the VF scores
for Group 1(1) at 12 months were identical to those of Groups 2 and 3 (Fig 3b). In comparison,
PRD or VF scores of Group 1(0) were indistinguishable from Group 0 in most items (Figs 1b-
f, 2b-f, 3b).

Discussion
This study has demonstrated that patients with low maximal ORD CTCAE scores, either a
score of 2 or a score of 1 which persists through 12 months and does not improve to 0, had
self-reported dysphagia and objective swallowing dysfunction which were not significantly
different from those with maximal CTCAE scores of 3. Patients with maximal CTCAE score
of 0, or a maximal score of 1 which improved to 0 at 12 months, were the only groups with
consistently low scores in all dysphagia measures. These results suggest, therefore, that
reporting only the number of patients with maximal dysphagia scores ≥3 would underestimate
the burden of dysphagia following therapy.

In recent years there have been contradicting trends in the research of toxicity reporting. While
some studies raised concern about under-reporting of toxicity 2,41, others warned against a
deluge of toxicity data 45. Since most therapies being tested in prospective studies cause
lowgrade AEs in a high proportion of patients 3, it is understandable that authors limit their
reporting to those AEs that are thought to be life threatening, require dose reduction, or
therapeutic intervention. In the design of the CTCAE, such AEs were meant to be encompassed
by Grades 3-4 46 categories, and therefore lower grades of toxicity are often not reported.

Dysphagia is a subjective symptom, and as such it is likely to be underestimated by clinicians,
as reported by Basch et al. who found that for highly subjective adverse events the clinicians
tended to assign a lesser grade of severity than the patients 47. Similarly, Jensen et al. found in
a cross-sectional study that observer-rated [according to the Danish Head and Neck Cancer
Group (DAHANCA) scale] and patient-assessed toxicities (according to EORTC H&N35
questionnaire) were correlated, but that observer-based rating under-estimated the
patientscored symptoms 48. As reported by Pauloski et al., patients with complaints of
dysphagia have significantly worse objective swallowing function, and more limitations and
alteration of their diet, compared to patients with no complaints 49. Hence, if low grade ORD
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is disregarded, clinically important dysphagia assessed by PRD and objective tests may be
under-reported. Similar findings have been reported for xerostomia after radiotherapy of HNC
50. To the best of our knowledge, our study is the first one evaluating the implications on
CTCAE-based reporting of the under-estimation of the degree of toxicity by the observer.

In Group 3, severe dysphagia according to VF scores (6-7) was mostly found at 3 months post-
CRT, but by 12 months post-CRT, there was only one patient with high VF score in this group.
Similarly, ORD and PRD scores improved over time. These findings are similar to those
published by Cmelak et al., who found that severe swallowing impairment after CRT was
transient in the majority of patients 5. These improvements, or lack thereof, need to be taken
into account in AE reporting. Alternatives to reporting only the maximal observer-rated AE
scores include new proposed systems that take into account time and multiplicity of high-grade
events 41, and the addition of QOL measures. In recent years, few studies have reported the
results of QOL instruments in some of the participating patients 5,6,8,10,11,16,17,25 or reported
them in secondary publications, while the main publication contained only observer-rated AEs
51. The best way to incorporate patient-reported QOL into reports of CRT, which QOL
instruments should be used, and how much weight should be assigned to their results when
different therapies are compared, are subjects of current debate. Until better knowledge and
uniformity in applying QOL instruments in clinical research are gained, this study suggests
that for some critical toxicities, such as dysphagia, reporting moderate observer-rated grades
may improve the accuracy of the assessment of the toxicity burden. An alternative would be
incorporating patient-reported scores into the clinical evaluation and reporting of adverse
events, as has recently been suggested52.

Limitations of the study include follow-up of one year only, and a need for validation of its
results in a larger cohort of patients. It is possible that in a larger cohort of patients, the
differences we observed in PRD or VF scores between groups 1(1), 2, and 3, would have
reached statistical significance; however, the magnitude of these differences appears to be
small in our study, such that they are unlikely to be clinically important or change the overall
conclusions.

In conclusion, dysphagia, as measured by PRD and by objective measures of swallowing
dysfunction, in patients with maximal CTCAE scores ≥ 3, seems to be similar to dysphagia in
patients with lesser maximal scores: a score of 2, or even a score of 1 which does not subside
to 0 by one year. These findings suggest that the reporting of only grades ≥3, an almost
exclusive reporting in trials of therapy of HNC in recent years, may not provide an adequate
estimate of the burden of dysphagia. We believe that these findings are relevant to many other
AEs in which CTCAE scoring is based on the observer estimating the severity of patients'
subjective symptoms. Thus, this study provides an example of much wider problems, and will
hopefully stimulate further explorations and discussions about how we should evaluate and
report toxicities.
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Figure 1.
Mean dysphagia scores over time according to mean observer-rated CTCAE scores (1a) and
patient-reported dysphagia (1b-1f). Patients were grouped (groups 0-3) according to the most
severe CTCAE dysphagia grade recorded ≥ 3 months post-therapy. Group 1 was subdivided
into two groups according to the CTCAE score 12 months post-therapy [1(0) and 1(1) for
CTCAE scores 0 and 1, respectively]. Bars=standard error.
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Figure 2.
Area under the curve (AUC) of dysphagia scores from 3 months through 12 months post-
therapy in patients' groups 0-3 (classified according to most severe dysphagia grade recorded
≥ 3 months post-therapy). Group 1 was subdivided into two groups according to 12 months
post-therapy CTCAE score [1(0) and 1(1) for CTCAE scores 0 and 1, respectively]. (2a)
Observer-rated dysphagia (CTCAE scores). (2b-f) Patient-reported dysphagia. Horizontal
lines=median; Bars=range
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Figure 3.
Videofluoroscopy (VF) summary scores in patient groups 1-3 (classified according to most
severe dysphagia grade recorded ≥ 3 months post-CRT). Group 1 was subdivided into 2 groups
according to 12 months post-CRT CTCAE score [1(0) and 1(1) for CTCAE scores 0 and 1,
respectively]. Horizontal lines=median; Bars=range.
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