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Simple Summary: With increasing long-term survivorship of head and neck cancer (HNC), the
functional outcomes are gaining importance. Recently, a tool for the rapid clinical assessment of the
functional status in HNC-patients based on observable clinical criteria, termed “HNC-Functional
InTegrity (FIT) Scales, was validated. Here, the functional outcomes of 681 newly diagnosed HNC-
patients were reported using the HNC-FIT Scales. A normal/near-normal outcome in all six functional
domains was observed in 61% of patients, with individual scores of 79% for food intake, 89% for
breathing, 84% for speech, 89% for pain, 92% for mood, and 88% for neck and shoulder mobility.
Clinically relevant impairment in at least one functional domain was observed in 30% of patients,
and 9% had loss of function in at least one functional domain. Thus, clinically relevant persistent
functional deficits in at least one functional domain must be expected in 40% of HNC-patients. The
treatment of these functional deficits is an essential task of oncologic follow-up.

Abstract: With the increase in long-term survivorship of head and neck cancer (HNC), the functional
outcomes are gaining importance. We reported the functional outcomes of HNC patients using the
HNC-Functional InTegrity (FIT) Scales, which is a validated tool for the rapid clinical assessment of
functional status based on observable clinical criteria. Patients with newly diagnosed HNC treated
at the Medical University of Innsbruck between 2008 and 2020 were consecutively included, and
their status in the six functional domains of food-intake, breathing, speech, pain, mood, and neck
and shoulder mobility was scored by the treating physician at oncological follow-up visits on a scale
from 0 (loss of function) to 4 (full function). HNC-FIT scales were available for 681 HNC patients at a
median of 35 months after diagnosis. The response status was complete remission in 79.5%, 18.1%
had recurrent or persistent disease, and 2.4% had a second primary HNC. Normal or near-normal
scores (3 and 4) were seen in 78.6% for food intake, 88.7% for breathing, 83.7% for speech, 89% for
pain, 91.8% for mood, and 87.5% for neck and shoulder mobility. A normal or near-normal outcome
in all six functional domains was observed in 61% of patients. Clinically relevant impairment (score
1-2) in at least one functional domain was observed in 30%, and 9% had loss of function (score 0)
in at least one functional domain. The main factors associated with poor functional outcome in a
multivariable analysis were recurrence or persistent disease, poor general health (ASA III and IV),
and higher T stage. Particularly, laryngeal and hypopharyngeal tumors impaired breathing and
speech function, and primary radiation therapy or concomitant systemic therapy and radiotherapy
worsened food intake. Clinically relevant persistent functional deficits in at least one functional
domain must be expected in 40% of the patients with HNC. The treatment of these functional deficits
is an essential task of oncologic follow-up.
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1. Introduction

Recent advances have significantly improved the survival of patients with head and
neck cancer (HNC). This has led to more long-term survivors [1-3]. Although survival is the
most important outcome for HNC patients [4-6], other dimensions of treatment outcome
such as physical status and functional abilities, psychological status and wellbeing, social
interactions, and economic status are becoming increasingly important as a result of this
trend [7,8]. These dimensions of outcome are most often measured with quality of life (QoL)
instruments, where QoL means the patient’s subjective perception of their state and abilities
in these domains [9,10]. Currently, several instruments are available to assess health-
related QoL in HNC patients [11-20]. However, those QoL measurements are subjected
to various psychological factors [21,22], response shifts [23,24], and social desirability
biases [25-29], which do not necessarily reflect the severity of functional impairment
and symptoms [30,31].

In contrast, functional endpoints measure the degree to which patients can perform
an activity. Specifically in the head and neck region, functional endpoints include seeing,
hearing, smelling, tasting, speech, breathing, eating, and neck and shoulder mobility. The
measurements of these functions can be patient-reported, observer-rated, or measured
by objective tests such as a barium swallow [10,32]. Unlike QoL measures, functional
endpoints strive for objectivity and inter-individual comparability. Patients with the same
functional endpoint should also have the same functional scores. Therefore, it makes sense
to link functional scores to external criteria that are observable. There are few instruments
for the standardized assessment of HNC-related functional endpoints [16,33-35]. We
recently developed and validated the Head and Neck Functional Integrity Scales (HNC-FIT
Scales) for German speaking HNC-patients. The HNC-FIT Scales represent an instrument
for a rapid clinician-rated assessment of functional status during routine oncologic follow-
up. Functional domains commonly affected in HNC patients are scored. The scores are
calibrated using observable external criteria. They are clinically oriented and indicate, for
example, whether the patient is dependent on a tracheostomy, feeding tube, opiates, or
antidepressants at each follow-up visit [36].

Here, we report the functional outcome of patients with incident HNC treated at
the Department of Otorhinolaryngology, Head and Neck Surgery, Medical University of
Innsbruck between 2008 and 2020 using the HNC-FIT Scales. The effects of several clinical
covariates including age, gender, tumor site, stage, and treatment modality on functional
outcome were investigated. Our objective was to describe the outcomes of HNC survivors
in frequently affected functional domains and to identify factors associated with favorable
functional outcome.

2. Materials and Methods
2.1. Study Population

Patients with newly diagnosed carcinoma of the head and neck that were treated at
the Department of Otorhinolaryngology, Head and Neck Surgery, Medical University of
Innsbruck between 2008 and 2020 were consecutively included. The exclusion criteria were
carcinoma of the thyroid, esophagus, eye, or brain or spinal cord, as well as melanoma,
sarcoma, lymphoma, other non-carcinomas, carcinomas of head and neck skin, benign
neoplasms, intraepithelial neoplasia, dysplasia, inflammatory pseudotumors, and head
and neck metastases from distant primary tumor sites. The patient data were prospectively
recorded in the clinical tumor registry of the department. Demographic data were recorded
at initial diagnosis and included gender, age in years, and the American Society of Anes-
thesiology (ASA) physical status score as a simple measure of general health status [37].
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ASA scores were dichotomized into ASA I/1I and ASA III/IV. Further host factors included
smoking history (<10 vs. >10 pack years) [38] and alcohol consumption (daily vs. less
than daily). The recorded medical data included tumor site, which was grouped into
oral cavity, oropharynx, hypopharynx, larynx, and other sites. The UICC-TNM staging
that was valid at the time of the initial diagnosis was used. For clinical T-, N-, and UICC
stage, only the first numerical digit with no further subclassification was used. The clinical
response status at the last follow-up visit was grouped into complete remission, recurrent,
or persistent disease, as well as second primary HNC. The study was conducted according
to the principles of the Declaration of Helsinki (59th version, 21 October 2008). The research
protocol was approved by the Ethics Committee of the Medical University of Innsbruck
(ethics committee number 1182/2019). All patients had given written consent for their data
to be used anonymously.

2.2. Treatment

The treatment modality was recommended by an interdisciplinary head and neck
tumor board that is in line with National Comprehensive Cancer Network (NCCN) Guide-
lines. The treatments included upfront surgical resection, radiotherapy (RT), and systemic
therapy (ST). The treatment modalities were categorized into surgery only, upfront surgery
and postoperative radiotherapy (PORT), upfront surgery and postoperative concomitant
ST and RT, primary concomitant ST and RT, and primary RT. The surgical procedures
included transoral laser microsurgery, transfacial or transcervical tumor resections, pedi-
cled or free-flap reconstructions, and uni- or bilateral selective or comprehensive neck
dissections. RT was applied as a first-line treatment or as PORT in advanced disease if no
high-risk factors were present. High risk factors included involved margins or extracap-
sular lymph node extension [39]. Patients with high risk factors received postoperative
ST and RT, as did patients with advanced disease treated without upfront surgery. RT
was usually carried out in conventional fractions with 1.8-2.0 Gy daily, five times a week,
as three-dimensional conformal radiotherapy or intensity-modulated radiation therapy.
The total dose in the area of an untreated primary tumor or in the region of an untreated
primary lymph node metastases was 70-72 Gy. In regions associated with a high risk of
existing or persisting tumor cells, the dose was 60 to a maximum of 66 Gy, and in areas of
physiological anatomical lymphatic drainage, the dose was about 50 Gy. For postoperative
patients with high-risk features and for patients with advanced disease who received pri-
mary non-surgical treatment, concomitant systemic therapy (ST/RT) was applied [40,41].
Concomitant systemic therapy consisted of either cisplatin, at 100 mg/m? on days 1, 22,
and 43, or 25 mg/m? on days 1-4 and 29-32 [42]. Alternatively, mitomycin C, at 10 mg/m?
(max. 15 mg total), was used on days 1 and 29, and 5-fluorouracil, at 600 mg/m? (24 h
infusion), was used on days 1-5 and 29-33 [43] and was prescribed for patients not suitable
for cisplatin treatment. Alternatively, RT was combined with cetuximab with a loading
dose of 400 mg/m? once a week before the start of radiotherapy followed by 250 mg/m?
weekly for the duration of the RT in frail patients [44]. Depending on their needs, all pa-
tients were offered rehabilitation treatment focusing on swallowing and nutrition, speech,
physical therapy, psycho-oncological counseling, assistive devices, and comprehensive
interdisciplinary programs.

2.3. Head and Neck Functional InTegrity Scales

The HNC-FIT scale is a matrix of six verbal rating scales reflecting the functional
domains of food intake, breathing, speech, pain, mood, and neck and shoulder mobility.
Only these higher-level functional domains are recorded, e.g., food intake, but not related
specific functions and conditions such as chewing, swallowing, salivating, tasting, aspi-
ration, xerostomia, trismus, or dental problems [45]. Each functional domain is divided
into five functional levels (Supplementary Figure S1). These levels are not solely based on
the patient’s or examiner’s subjective assessment, such as no, mild, moderate, or severe.
Rather, they are anchored to observable external criteria. For example, breathing function
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is anchored to the external criterion of the need for a tracheotomy, and food-intake function
is anchored to dependence on a feeding tube.

Physicians received detailed instructions on how to complete the HNC-FIT scales
(Supplementary text S1 Instructions for clinicians). When taking the interim oncologic
history during oncologic follow-up, the treating physician interviewed the patient and
marked the respective functional levels in this matrix. This structured face-to-face interview
lasted a median of 1.2 min and could be entirely integrated into the taking of the interim
medical history [36]. Verbal ratings were numerically coded from 0 (loss of function) to
4 (normal function) Low scores reflected disease related functional impairments. These
numeric codes were transferred to the clinical tumor registry by a medical documentation
assistant after each follow-up visit. For data evaluation, the relative count (percent) of
patients at each level of each functional domain was calculated. In the validation study,
most of the healthy control subjects examined reported level 4, corresponding to normal
function for all functions recorded, with few reporting level 3, which corresponds to a
slightly impaired near-normal function [36]. A functional level <3 did not occur for any
of the recorded functional domains in healthy controls. Therefore, for the evaluation we
divided the data into levels 0-2, which corresponds to a clinically important dysfunction,
and level 3 and 4, which correspond to a near-normal or normal function. The functional
data from the last oncologic follow-up visit were evaluated in this study.

2.4. Data Analysis

Time intervals between the first diagnosis and the last HNC-FIT scale assessment
were grouped into <24 months, >=24 months, <60 months, and >=60 months. The absolute
and relative patient counts were tabulated for the five levels of the six functional domains
(Table 1).

Table 1. Absolute & relative frequencies (percent) of functional outcomes of 681 HNC-survivors at a
median of 4 years after initial diagnosis. The number of patients per functional domain and level as
well as the relative proportion in percent are indicated.

Functlo'nal Verbal Rating Integrity Count Percent
Domain Score
No oral feeding; only via 0 38 5.6%
gastrostomy tube
Gastrostomy tl}be needgd; some 1 59 8.7%
Food intak oral feeding possible
ood intake No gastrostomy tube, oral diet, 2 49 7 99,
but only liquid/soft food e
. No gastrostomy tube, 3 122 17.9%
diet/swallowing near normal
Normal 4 413 60.6%
Tracheostoma, needs 0 5 0.7%
cuffed cannula
Tracheostoma, speech 1 65 9.5%
. cannula/no cannula
Breathing No tracheostoma, breathing 2 7 1.0%
difficulties at rest e
Np fcrach.xeostoma, breath.mg 3 84 12.3%
difficulties only on exertion
Normal 4 520 76.4%
Not possible, without phonation 0 27 4.0%
Difficult to understand, 1 4 6.0%
no phone calls
Speech Telephoning possible 2 43 6.3%
Easy t.“.o gnders’fand, but 3 218 32.0%
pronunciation/voice changed
Normal 4 352 51.7%
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Table 1. Cont.

Functlo.nal Verbal Rating Integrity Count Percent
Domain Score
Pain despite opiate therapy 0 7 1.0%
Controlled with opiates 1 39 5.7%
Regularly needs o
Pain non-opioid analgesics 2 2 4.3%
Needs' analge'sms 3 86 12.6%
from time to time
Normal 4 520 76.4%
Suicidal thoughts 0 1 0.1%
Very de.pressed despite 1 10 1.5%
antidepressants
With antidepressants overall
Mood normal mood, very depressed 2 45 6.6%
without antidepressants
Occa§10nally depressed, no 3 112 16.4%
antidepressants needed
Normal 4 513 75.3%
Stiff neck and/or shoulder,
. 0 9 1.3%
hardly any movement possible
Can hardly comb hair, looking
. . 1 19 2.8%
e 1 backwards in car not possible
Mobility . . .
Combing with problems, looking 5 57 8.4%
backwards in car difficult =
Compmg anc.i looking b‘ackwards 3 135 19.8%
in car slightly restricted
Normal 4 461 67.7%

1 Neck and shoulder mobility.

The effects of the categorical covariates including gender; age group; ASA-Score;
smoking history; alcohol consumption; tumor site; T-, N-, and UICC-stage; treatment
modality; and p16 positivity on the dichotomized functional outcome (count of patients
with integrity scores 0 to 2 vs. integrity scores 3 and 4) of the six functional domains were
compared with Chi-square tests (Table 2).

Table 2. Relative counts (percent) of 681 patients with incident head and neck cancer with normal
or near-normal outcome in HNC functional integrity scales (integrity score 3 and 4) stratified by
patients- and disease-related factors.

Factor Factor-Level n= Food Breathing Speech Pain Mood Mobility !
Gend male 544 78% 87% *2 81% ** 89% 939, * 87%
ender female 137 80% 94%, 93% 88% 88% 89%
<=50 91 85% 92% 95%* 95% 93% 91%
51-60 213 81% 88% 85% 88% 93% 87%
Age3 61-70 210 74% 86% 80% 90% 90% 86%
71-80 129 75% 91% 80% 87% 91% 85%
>80 38 84% 90% 84% 84% 95% 95%
. ASA 1/11 321 82 *** 930, *** 89% *** 93, *** 93% 88%
ASA ASA TI1/1V 162 66% 79% 70% 79% 88% 82%
<10 pack years 219 81% * 91% 85% 89% 91% 87%
Smoking >=10 pack 266 73% 86% 79% 88% 91% 86%

years
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Table 2. Cont.

Factor Factor-Level n= Food Breathing Speech Pain Mood Mobility 1
Drinkin <daily 322 78% 89% 82% 89% 90% 86%
8 daily 120 69% 87% 78% 88% 93% 83%
Lips and oral 94 76% *+* 98% *** 90% *** 94% 90% 87%
cavity
T it Oropharynx 225 70% 97% 90% 87% 92% 85%
umorsite Hypopharynx 41 59% 49% 54% 81% 90% 81%
Larynx 177 87% 76% 70% 89% 93% 89%
Others 5 144 90% 97% 96% 92% 91% 92%
TO© 32 81% *** 97% *** 97% *** 91% *** 94% 94% ***
T1 220 91% 95% 91% 95% 93% 94%
T stage T2 205 82% 93% 89% 92% 92% 87%
T3 106 70% 75% 67% 75% 88% 82%
T4 118 58% 81% 72% 86% 92% 80%
NO 329 88% *** 89% 83% 91% * 92% 91% *
N stage N1 110 80% 91% 89% 94% 95% 90%
8 N2 221 65% 86% 82% 84% 90% 82%
N3 21 67% 91% 86% 86% 95% 86%
Stage I 163 95% *** 94% * 89% 96% ** 94% 95% **
. Stage II 88 81% 91% 86% 90% 90% 86%
Stage III 127 84% 88% 84% 90% 95% 91%
Stage IV 303 67% 86% 80% 85% 90% 83%
16 negative 301 74% 85% *** 76% *** 86% 91% 84%
P positive 50 79% 97% 94% 91% 92% 91%
<=24 months 247 72% *** 84% 80% * 82% *** 90% 88%
Observation”  24-60 months 258 87% 93% 89% 93% 92% 89%
60+ months 176 76% 88% 82% 94% 93% 85%
Complete 540 83% *** 929% *** 86% *** 939% *** 92% 90% ***
remission
Response ° Residual 123 61% 78% 76% 72% 90% 76%
disease
Second 16 56% 69% 63% 94% 81% 81%
primary
Surgery only 251 92% *** 92% 84% 96% *** 94% 94% **
Upfront
surgery & 144 81% 87% 83% 89% 92% 87%
. PORT
Treatment Upfront
surgery & 51 71% 80% 73% 90% 88% 84%
ST/RT
Prim. ST/RT 192 63% 90% 88% 83% 90% 82%
Prim. RT only 34 71% 82% 82% 79% 88% 85%

! Neck and shoulder mobility; 2 The content of this cell means that 87% of 544 male patients had normal or
near-normal breathing at last follow-up; 3 Age at diagnosis in years; * American Society of Anesthesiologists
score (general health condition); 5 This group includes salivary gland cancer and sinonasal cancer; 6 Cancer of
unknow primary; 7 Interval (months) between diagnosis and last functional assessment; 8 Response status at last
follow-up; ° First line treatment. ST: systematic therapy, RT: radiotherapy, ST/RT: concomitant systemic therapy
and radiotherapy; *: p < 0.05, **: p < 0.005; ***, p < 0.0005 (Chi-square test at the respective functional domain).

Factors with p-values < 0.2 in the Chi-square tests were included as independent
variables in a binary logistic regression model. The dichotomized functional outcome
(count of patients with integrity scores 0 to 2 vs. integrity scores 3 and 4) were modeled
as the dependent variable. A main effects model with indicator coding for categorical
variables with backstep elimination was used. The epsilon criterion to detect collinearity
was set to 1077; the model fit was tested with the Hosmer-Lemeshow test. The Hosmer—
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Lemeshow tests indicated good model fits, and there was no collinearity problem. The
response status was analyzed separately because, unlike the factors, it was not known at
the time of initial diagnosis and could also be considered in the choice of therapy. The
statistical analyses were performed using SPSS 27 (IBM, Armonk, NY, USA).

3. Results
3.1. Study Population

During the observation period, 1236 patients with incident HNC were treated at
our department. Data from at least one HNC-FIT scale assessment were available in
681 patients, which comprises the study population. Of these, 137 (20%) were female. UICC
stage I and II disease were observed in 251 patients (36.8%). Of these, 106 patients had
stage I or II laryngeal carcinoma. Further demographic and medical data are outlined in
Table 2. In the study population, 79.5% were in complete remission, 18.1% had recurrent
or persistent disease, and 2.4% suffered from a second head and neck primary at their
last follow-up visit. The median time interval between the initial diagnosis and the last
follow-up visit in 681 patients was 46 (95%CI 42 to 50) months (46). The last follow-up was
less than 24 months after the date of initial diagnosis in 36%, between 24 and 60 months in
38%, and >=60 months in 26%.

3.2. Functional Status at Last Follow-Up

At the last follow-up visit, severe limitations with functional integrity scores of 0 to
2 most frequently affected the functional domain of food intake (21.5%), followed by the
functional domain of speech (16.3%; Figure 1). Of 681 patients, 14.3% depended on a
gastrostomy or feeding tube, 10.2% on a tracheotomy, 10% were not able to communicate
by telephone, 6.7% depended on opioids, 8.2% were on antidepressants, and 4.1% were not
able to drive a car or comb their hair due to head and neck stiffness (Table 1).

800

700

500 |— —

Patient count
-3
8
|
\

300 | —

200 |— —

100 —

Breathing Food intake Mobility Mood Pain Speech

Onormal Onear normal impaired @poor Mworst

Figure 1. Outcome in six functional domains (x-axis) and respective number of HNC-patients (y-axis)
at a median of three years after initial diagnosis as reported by the treating physicians using the
HNC-FIT Scale. For related verbal ratings and relative patient count in percent, see Table 1.

The frequencies of patients with impaired function (integrity scores 0-2) vs. normal or
near-normal function (integrity scores 3 and 4) were analyzed with Chi-square tests. The
normal or near-normal functional outcome was recorded, e.g., for food intake in 78% of
male patients and 80% of female patients (Chi-square p > 0.05). The ASA score, tumor site,
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T-stage, treatment modality, and response status most frequently affected the functional
outcome in a univariate analysis (Table 2). The relative frequencies of the normal or near-
normal outcomes (integrity scores 3 and 4) of the six functional domains by tumor site,
T-stage, and treatment modality are depicted in Figure 2.
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Figure 2. Star plots representing percentage (star axes) of HNC-patients with normal or near-
normal functional outcomes (functional integrity) in six functional domains depending on T-stage (a),
tumor site (b), and treatment modality (c). The further peripherally, the better (Mobility: neck and
shoulder mobility).
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3.3. Binary Logistic Regression Analyses

Patients with a complete response at the last follow-up visit had a better functional
outcome for food intake (OR 2.8; 95%CI 1.5 to 5.3; p = 0.001), pain (OR 6.9; 95%CI 3.6 to 13.4;
p <0.001) and neck and shoulder mobility (OR 2.6; 95%CI 1.4 to 4.8; p = 0.003) when com-
pared with patients with recurrent or persistent disease (see Supplementary Tables S1-56).
Considering the outcome results for the individual functional domains independent of
response status, the following results emerged.

In the univariate analysis of food intake, p-values of <0.2 were observed for age, ASA
score, smoking, drinking, tumor site, T-stage, N-stage, UICC-stage, and treatment modality
(Table 2). The odds ratios needed to achieve normal or near-normal food intake were
calculated. In this multivariable model, patients with ASA scores of I/1I had 2.4 times
higher odds to achieve a normal or near-normal outcome for food intake than patients with
ASA scores of III/IV (p = 0.001). Further significant factors in this multivariable model
included T-stage, tumor site, and treatment modality (Table 3).

Table 3. Binary logistic model of factors influencing food intake in 427 patients with newly diagnosed
HNC. Dependent variable was normal or near-normal food intake function (integrity score 3 and 4)
vs. impaired food intake (integrity score 0-2). Factors with p values < 0.2 in Chi-square tests were
included. Odds ratios (OR) indicate the chance to achieve normal or near normal food intake (the
higher, the better).

Factor Factor-Level B (£SE) Sig. OR (95%CI) Compared to
ASA1 ASA I/11 0.82 (£0.27) 0.002 2.3 (1.3 t0 3.9) ASA III/IV
T1 1.43 (40.42) <0.001 42 (1.8 t09.5) T4
T stage T2 1.06 (£0.34) 0.002 2.9 (1.5 to 5.6) T4
T3 0.68 (+0.38) 0.068 2.0 (0.95 to 4.1) T4
Lips and oral cavity —0.52 (£0.53) 0.328 0.6 (0.2t0 1.7) Hypopharynx
T . Oropharynx 0.06 (+0.45) 0.902 1.1 (04 to 2.5) Hypopharynx
umor site Larynx 1.05 (£0.52) 0.042 2.9 (1.0t0 7.9) Hypopharynx
Others 2 1.16 (£0.66) 0.081 3.2(09to012.9) Hypopharynx
Surgery only 1.31 (+0.4) 0.001 3.7(1.7t08.1) Primary ST/RT
3 Upfront surgery & PORT 0.32 (£0.33) 0.323 1.4 (0.7 t0 2.7) Primary ST/RT
Treatment Upfront surgery & ST/RT ~ —0.40 (+0.43) 0.350 0.7 (0.3 to 1.6) Primary ST/RT
Prim. RT only 0.34 (£0.62) 0.584 14(0.4t04.7) Primary ST/RT

1 Society of Anesthesiologists score (general health condition); ? This group includes salivary gland cancer and
sinonasal cancer; 3 First line treatment. PORT: postoperative radiotherapy, ST/RT: concomitant systemic therapy
and radiotherapy, RT: radiotherapy.

In the univariate analysis for breathing function, p-values of <0.2 were observed
for gender, ASA score, smoking, tumor site, T-stage, UICC-stage, pl6 positivity, and
treatment modality (Table 2). In this multivariable model, patients with ASA scores of 1/1I
had a 2.9 times better chance to achieve a normal or near-normal outcome for breathing
than patients with ASA scores of III/IV (p = 0.001). Further significant factors in this
multivariable model included T-stage and tumor site; however, the p-value for p16 status
missed the 0.05 limit (Table 4).
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Table 4. Binary logistic model of factors influencing breathing in 416 patients with newly diagnosed
HNC. Dependent variable was normal or near-normal breathing function (integrity score 3 and
4) vs. impaired breathing function (integrity score 0-2). Factors with p values < 0.2 in Chi-square tests
were included. Odds ratios (OR) indicate the chance to achieve normal or near normal breathing
function (the higher, the better).

Factor Factor-Level B (+SE) Sig. OR (95%CI) Compared to
ASA1 ASA 1/11 1.08 (£0.39) 0.006 29 (1.3t06.3) ASAIII/IV
T1 2.0 (£0.61) 0.001 7.3 (2.2 to 24.6) T4
T stage T2 1.37 (£0.52) 0.01 3.9 (1.3to11.1) T4
T3 0.02 (£0.49) 0.958 1(0.3 to 2.7) T4
Lips and oral cavity 3.25 (£0.84) <0.001 25.8 (4.9 to 135.4) Hypopharynx
T . Oropharynx 3.21 (£0.59) <0.001 249 (7.7 10 79.9) Hypopharynx
umor site Larynx 1.11 (£0.49) 0.024 3.1(1.2t08.1) Hypopharynx
Others 2 3.07 (£1.12) 0.006 21.7 (2.4 to 196) Hypopharynx
p16 Status plé-positive 1.01 (£0.6) 0.092 2.7 (0.8t09) plé-negative
1 Society of Anesthesiologists score (general health condition); 2 This group includes salivary gland cancer and
sinonasal cancer.

In the univariate analysis, p-values of <0.2 for speech function were observed for
gender, age, ASA score, smoking, tumor site, T-stage, UICC-stage, p16 positivity, and
treatment modality (Table 1). In the logistic regression model, patients with ASA scores
of I/1I had a 2.7 times better chance to achieve a normal or near-normal outcome for
speech than patients with ASA scores of III/IV (p = 0.002). Notably, primary concomitant
radiotherapy/systemic therapy, which served as the reference treatment modality, resulted
in the highest percentage of a normal or near-normal speech function (Table 5).

Table 5. Binary logistic model of factors influencing speech function in 416 patients with newly
diagnosed HNC. Dependent variable was normal or near-normal speech function (integrity score 3
and 4) vs. impaired speech (integrity score 0-2). Factors with p values < 0.2 in Chi-square tests were
included. Odds ratios (OR) indicate the chance to achieve normal or near normal speech function
(the higher, the better).
Factor Factor-Level B (£SE) Sig. OR (95%CI) Compared to
ASAl ASAT/II 1.02 (£0.32) 0.002 27(141052) ASATII/IV
T1 2.77 (£0.56) <0.001 15.9 (5.2 to 48.4) T4
T stage T2 2.36 (£0.48) <0.001 10.6 (4.1 to 27.7) T4
T3 0.78 (£0.44) 0.08 2.1(0.9 to 5.2) T4
Lips and oral cavity 1.94 (+0.63) 0.002 6.9 (2 to 24.2) Hypopharynx
T . Oropharynx 1.85 (4£0.49) <0.001 6.3 (2.3t016.8) Hypopharynx
umor site Larynx 0.5 (£0.5) 0.314 1.6 (0.6 to 4.4) Hypopharynx
Others 2 3.2 (£1.15) 0.005 24.5 (2.5 to 233.5) Hypopharynx
Surgery only —1.92 (£0.5) <0.001 0.1 (0.05t0 0.3) Primary ST/RT
3 Upfront surgery & PORT —0.67 (£0.47) 0.152 05(0.2t01.2) Primary ST/RT
Treatment Upfront surgery & ST/RT —1.93 (£0.59) 0.001 0.1(0to0.4) Primary ST/RT
Prim. RT only —0.58 (£0.7) 0.405 0.5(0.1t0 2.2) Primary ST/RT

1 Society of Anesthesiologists score (general health condition); 2 This group includes salivary gland cancer and
sinonasal cancer; 3 First line treatment. PORT: postoperative radiotherapy, ST/RT: concomitant systemic therapy
and radiotherapy, RT: radiotherapy.

In the univariate analysis, p-values of <0.2 for pain were observed for treatment modal-
ity, tumor site, T-stage, N-stage, UICC-stage, and ASA score (general health condition).
In the backstep logistic regression model, all variables except ASA score (p = 0.01) were
excluded. The OR to have no or near-normal disease-related pain was 2.9 (95%CI 1.6 to 5.2;
p <0.001).
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In the univariate analysis, p-values of <0.2 for mood were observed for gender and
ASA score (general health condition). In the logistic regression model, only gender re-
mained in the model (p = 0.02). The OR for men to report a normal or near-normal mood
was 2.2 (95%CI 1.1 to 4.4).

In the univariate analysis, p-values of <0.2 for neck and shoulder mobility were
observed for treatment modality, tumor site, T stage, N stage truncated, UICC stage,
pl6, and ASA score. In the logistic regression model, patients treated only with surgery
(reference primary ST/RT; OR 4.2; 95%CI 1.3 to 14.0; p = 0.02) had a better chance of
reporting normal or near-normal neck and shoulder mobility.

3.4. Poorest Functional Otucome

If the functional domain with the poorest outcome would affect the patient the most,
the functional score of the domain with the poorest outcome was determined for each
patient. A functional score of zero (worst possible outcome) in at least one domain was
observed in 62 patients, whereas 185 patients had a normal functional outcome in all
six domains (Table 6). Normal or near-normal function (functional integrity) in all six
functional domains was observed in 61% of 681 HNC patients. In other words, almost 40%
of HNC patients had at least one serious functional impairment.

Table 6. Poorest outcome in at least one of six functional domains (food intake, breathing, speech,
pain, mood, and neck and shoulder mobility) in 681 patients with incident HNC. A normal or
near-normal outcome in all six functional domains was observed in 61% of HNC-patients; however,
30% had a relevant impairment in at least one functional domain and 9.1% had maximal functional

impairment (worst possible outcome) in at least one functional domain.

Worst Outcome Frequency Percent
Worst 62 9.1
Poor 119 17.5
Impaired 85 12.5
Near normal 230 33.8
Normal 185 27.2

4. Discussion

Survival, health-related quality of life, treatment-related toxicity, and functional out-
come are distinct albeit related outcome parameters in patients with head and neck
cancer [32]. We examined the outcomes in six essential commonly affected functional
domains in HNC patients [36] by using the disease specific HNC-FIT scales, an inten-
tionally minimalistic, validated assessment tool that enables a time-saving assessment of
these functions by the clinician using observable external criteria [36]. An additional major
advantage of the tool is the standardized and combined assessment, thereby minimizing
the risk to under- or overestimate impairments or to overlook essential ones (Table 6). By
reporting the percentages of affected patients and dichotomizing the results into normal
(scores 1-2) versus impaired (scores 3—4), these results can be more easily compared with
other studies and the exact meaning of the functional results becomes directly apparent
(Table 1).

The evaluation was performed in 681 survivors out of 1236 HNC patients that were
hospitalized and diagnosed with head and neck carcinomas in our department between
2008 and 2020. Even though this cohort can be considered representative for a tertiary
oncology referral center in Central Europe, because of their survival, the patients in this
study inherently represent a cohort with positive prognostic factors, which was not repre-
sentative of HNC patients at the time of initial diagnosis (data not shown). The median
follow-up time of the survivors was 46 (95%CI 42 to 50) months [46]—so, the majority
of patients may be regarded as long-term survivors. All patients were offered a compre-
hensive rehabilitation program [47] and most patients took advantage of this opportunity.
Not surprisingly, patients with a complete response at last follow-up had a significantly
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better outcome in food intake (p = 0.001), pain (p < 0.001) and neck and shoulder mobility
(p = 0.003) than patients with recurrent or persistent disease. Notably, pain was associated
with recurrence/persistence in the multivariable logistic regression (OR 6.9; 95%ClI 3.6 to
13.4). Given that response status was the only factor recorded at the last follow-up, its effect
on functional outcome was considered separately from the other demographic and medical
factors recorded at diagnosis. This did not lead to a relevant bias in the effect estimates of
the latter factors (see Supplementary Tables S1-56).

The influence of demographic and medical factors such as T stage, tumor site, and treat-
ment modality on important domains of functional outcomes were synoptically depicted
in star diagrams (Figure 2). Interestingly, general health had an impact on all functional
domains studied (Supplementary Figure S52), possibly reflecting a higher resilience with
better general health status. While all functional domains deteriorated with increasing T
stage (Figure 2a), the tumor site primarily affected food intake, breathing, and speech, with
particularly poor outcomes in hypopharyngeal cancer (Figure 2b). The functional domain
most affected by treatment modality was food intake, with better results in patients treated
with upfront surgery, whereas better speech outcomes were observed in patients treated
with concomitant systemic treatment and radiotherapy (Figure 2c).

In line with previous publications, food intake was most frequently affected in HNC
survivors [48]. This functional domain covers various functions or symptoms of nutrition
(eating and drinking) including swallowing, dysphagia, or trismus [45]. For the food-
intake domain, the observable external criteria included dependence on a feeding tube
and normality of diet. In line with the results of a previous study [49], 21.4% of patients
were either dependent on a PEG or feeding tube or could only eat liquid or soft food. In a
logistic regression with backward elimination, the frequency of normal or near-normal food
intake depended on the general health condition (ASA score), smoking history, T-stage,
tumor site, and treatment modality (Table 3). These factors have already been identified in
previous studies [21,50-53]. Although food intake after primary RT and primary ST/RT
was better in this study than in previous reports [54,55], it was still worse than after
upfront surgery (Figure 2c), which is also consistent with previous publications [53,56-58].
However, this evaluation included many patients who had received three-dimensional
conformal radiotherapy and not intensity-modulated radiation therapy, which yields better
swallowing outcomes [59,60].

The observable external criteria for breathing function included dependence on a tra-
cheotomy and dyspnea in patients without a tracheotomy. Concerning breathing function,
the frequency of normal or near-normal breathing significantly depended on the general
health condition, T-stage, and tumor site (Table 4), with hypopharyngeal and laryngeal
cancers being associated with the worst outcomes for breathing (Figure 2b). This is in line
with a previous report [55]. Although not significant, p16 positive patients had a trend
for better odds to achieve normal or near-normal breathing [61]. In line with previous
publications, treatment modality had a comparatively low impact on breathing [62-64].

Phonation and articulation are the key requirements for the understandability of
speech. Speech intelligibility in telephone conversations served as an external criterion
for this functional domain. Speech was the functional domain most affected by tumor
stage; however, consistent with previous data, tumor stage had a major impact on sev-
eral functional domains [10,49,53,65]. Interestingly, T-stage had a substantially higher
impact on functional outcome than N-stage or UICC-stage in all functional domains. Poor
understandability of speech in patients with laryngeal and hypopharyngeal cancers has
been reported previously [21]. When compared with primary ST/RT, patients treated
with upfront surgery had markedly poorer odds to achieve normal or near-normal speech
intelligibility. This is in line with previous reports [21,55,66,67]. Normal or near-normal
speech was particularly rare in patients receiving upfront surgery followed by concomitant
ST/RT (Figure 2c).

Pain was classified as a body function in the HNC-FIT scale following the International
Classification of Functioning, Disability, and Health [68]. The use of pain medication served
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as the external criterion for the grading of pain. A standardized pain therapy was carried
out in cooperation with the Pain Clinic of the Medical University of Innsbruck in accordance
with WHO guidelines [69,70]. Interestingly, 89% of HNC patients reported no or almost no
pain and 76.4% reported taking no pain medication at all. This low prevalence of pain in
HNC-survivors is not consistent with previously reported data. In most pain studies in
HNC survivors, chronic pain, often requiring opiates, is a common health problem [71-74].
The comparatively low consumption of analgesics may be due to regional differences of
analgesic consumption [75] and social desirability bias. In logistic regression, only the ASA
score (p < 0.001) and T stage (p = 0.01) had a significant effect on the proportion of patients
with no or almost no pain. This is consistent with previous publications [76,77].

The use of antidepressants served as an objective external criterion for depressed
mood. In the study population, 87.5% reported normal or near-normal mood. This is
in line with recent publications in cancer patients [78-80], which reported moderate to
severe depression in 10-15% of cancer survivors. This compares to an estimated 4.4% of the
general population worldwide [81]. However, HNC patients experienced the highest rates
of depressive disorder of all oncology patients [82]. Suicide rates among patients with HNC
in the USA are more than three times higher than in the general population [83]. In a logistic
regression analysis, men had a higher chance to achieve normal or near-normal mood than
women (OR 2.2;95%CI 1.1 to 4.4; p = 0.02), which is in line with a previous publication [84].
A higher prevalence of depression was observed when depression scales were used [85,86].
Bamonti and coworkers reported a correlation between pain and depression [87], and this
was also observed in this study.

Another function often impaired by HNC treatments is neck and shoulder mobility.
In the represented cohort, 87.5% of the patients had normal or near-normal mobility with
a prevalence of patients treated only with surgery (Figure 2), especially when compared
to patients treated with primary ST/RT (OR 4.2; 1.3 to 14.0; p = 0.02). Do and co-authors
reported, based on the Neck Pain and Disability Scale (NDI), values of more than 20 in
patients with spinal accessary nerve injury after head and neck cancer surgery, which
corresponds with mildly impaired neck mobility. Range of motion assessments suggest a
reduction in head and neck range of motion below 20% in most HNC patients [88-90].

Overall, we observed a better functional outcome in HNC survivors than expected
based on previous publications on this topic. In many previous studies on functional
outcome, patients with advanced tumor stages and/or functionally problematic tumor
sites such as the oral cavity, oropharynx, or hypopharynx were selected [91]. In this study
group, 251 patients (36.8%) had UICC stage I and II disease and 106 had stage I or II
laryngeal carcinoma with a functionally favorable prognosis. Suarez-Cunqueiro and co-
authors, for instance, reported normal speech (i.e., absence of problems) in 36.2% and
normal swallowing in 24.6% of 851 patients treated with radical surgery for oral and
oropharyngeal cancer [92]. Oozer and co-authors used the Performance Status Scale for
Head and Neck Cancer Patients in 79 laryngectomies with a mean age of 64 years. Speech
was at least understandable most of the time in 62% and normalcy of diet, including
full diet with no restrictions, was reported in 76% [93]. In 240 patients with advanced
unresectable oropharyngeal and hypopharyngeal carcinoma treated with an aggressive
concomitant ST/RT regimen, 25% of patients were dependent on a feeding tube two
years after treatment [94]. Of 166 patients, who were disease free five years following the
start of treatment in the RTOG9003 trials, 13 (7.8%) were feeding tube dependent [95]. In
181 surgically treated HNC patients, List and coworkers observed a normalcy of diet with
a score of >50 in 52% and an understandability of speech of >50 in 77% [14].

Two additional factors, which potentially influence the better functional outcome
observed in this study, should be discussed. Firstly, the inclusion criteria for the present
study were comparatively exclusive. Rather than including all upper aerodigestive tract
cancers, only HNC patients typically treated by head and neck surgeons at our institution
were included. Consequently, patients suffering from esophageal cancer who typically
showed significant functional impairment, for example, were excluded.
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Secondly, approximately one third of the included patients’” tumor sites were cate-
gorized as “other site” (see Table 2). Patients subsumed to this group mostly suffered
from salivary gland or sinonasal cancer. The better functional outcome observed in this
study (Tables 2-5) might be caused by the design of the HNC-FIT Scales itself. While
cancer of the oral cavity, pharynx, and larynx typically impairs functions included by the
HNC-FIT Scales, cancer of the salivary glands or paranasal sinuses also leads to functional
impairment. However, these impairments might not be identified by the HNC-FIT Scales
(e.g., impaired facial movement after radical parotidectomy or impaired nasal breathing
after paranasal sinus radiation). The main advantage of the HNC-FIT scales as compact,
rapid instruments is also their main limitation. By restricting the scales to the functions and
symptoms most frequently mentioned in publications, many important functional domains
are ignored [36].

One limitation of this study is that not all HNC-related functions and symptoms were
explicitly captured by the HNC-FIT scales due to its restriction to higher-level, commonly
affected functional domains. In particular, xerostomia, a frequent and often distressing
symptom, was mapped into the higher-level function food intake. Other important, but at
best only indirectly covered functional outcomes, include aesthetic appearance [96,97], so-
cioeconomic conditions and occupational concerns, fatigue, social eating, sexuality, hearing
loss, lymph edema, sleep disturbance, or psychological distress and anxiety [98]. Although
the primary aim during the development of the HNC-FIT Scales was to capture the func-
tional outcomes in HNC patients as objectively as possible by anchoring equidistance
verbal ratings to objectifiable external criteria [36], certain biases are inherent to the scale
(e.g., HNC patients after total laryngectomy will be classified with low functional integrity
despite good physical condition). This is the price of being able to capture some sort of
functional landscape in many patients with reasonable effort. However, there are abundant
data on individual functions, symptoms, or disease-related QoL that take these aspects
into account [20,68,99,100].

Another limitation of the present study is that no QoL data were raised. Although the
HNC-FIT scales were intentionally designed to objectively assess functional outcomes, the
inclusion of subjective single function-assessment tools to assess QoL (e.g., EQ-5D [101])
would have improved the studies quality. However, for previous comparisons of the
HNC-FIT scales with the patient-reported EORTC QoL H&N35 questionnaire [18], close
correlations were observed [36].

Finally, the HNC-FIT Scales were originally developed and validated for German
speaking HNC-patients only [36]. Thus, both the generalizability of the observations
presented here as well as the applicability of the HNC-FIT Scales for languages other
than German are hampered. Although an English translation was provided as part of the
original validation study [36], to date no formal translation and cross-cultural validation
for English has been performed.

5. Conclusions

The HNC-FIT scales provide an overview of six relevant functional domains in HNSCC
patients. The results are consistent with numerous previous studies that have considered
individual symptoms or functions separately. According to multivariable analysis, general
health status, tumor site, tumor stage, and treatment modality had the strongest impact on
functional outcome, with treatment modality being the only selectable factor.

Applying the HNC-FIT scale as a plain tool for the rapid assessment of functional
outcomes in HNC patients might aid both patients and physicians. The scale allows for a
quick capture and clear presentation of key functional results, filling a gap in HNC outcome
assessment. If relevant functional impairments are identified by this simple screening
tool, various, more detailed single function assessment tools may supplement the HNC
FIT-scales. Thus, an adequate and timely functional rehabilitation may be initiated.



Cancers 2022, 14,2135 15 of 19

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/cancers14092135/s1, Supplemental Figure S1. The Head and
Neck Carcinoma Functional InTegrity (HNC-FIT) Scales; Supplemental Figure S2. Star plot rep-
resenting percentage (star axes) of HNC-patients with normal or near-normal functional outcome
(functional integrity) in 6 functional domains depending on general health status; Supplemental text
S1. Instructions for clinicians on how to complete the Head and Neck Cancer Functional InTegrity
Scales; Supplemental Table S1: Results of binary logistic regression including response status at
last follow up for the functional domain food intake. Table S2: Results of binary logistic regression
including response status at last follow up for the functional domain breathing. Table S3: Results
of binary logistic regression including response status at last follow up for the functional domain
speech. Table S4: Results of binary logistic regression including response status at last follow up
for the functional domain pain. Table S5: Results of binary logistic regression including response
status at last follow up for the functional domain mood. Table S6: Results of binary logistic regression
including response status at last follow up for the functional domain neck and shoulder mobility.

Author Contributions: Conceptualization, H.R., D.D., A.L.-H. and D.R.; methodology, H.R. and
D.R,; validation, D.D., T.B.S. and M.A.; formal analysis, H.R., D.D. and D.R.; investigation, D.D.,
T.B.S. and A.L.-H.; data curation, H.R., A.L.-H. and M. A.; writing—original draft preparation, H.R,;
writing—review and editing, H.R., D.D., D.R,, U.G,, G.G. and D.R.; visualization, H.R.; supervision
HR., U.G,, G.G,; project administration, H.R.; All authors have read and agreed to the published
version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the Institutional Ethics Committee of the Medical University
of Innsbruck, Austria (protocol code 1182/2019 and 28 May 2020).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Chow, L.Q.M. Head and neck cancer. N. Engl. ]. Med. 2020, 382, 60-72. [CrossRef] [PubMed]

2. Leon, X,; Orus, C.; Casasayas, M.; Neumann, E.; Holgado, A.; Quer, M. Trends in disease-specific survival of head and neck
squamous cell carcinoma patients treated in a single institution over a 30-year period. Oral Oncol. 2021, 115, 105184. [CrossRef]
[PubMed]

3.  Johnson, D.E.; Burtness, B.; Leemans, C.R.; Lui, VW.Y,; Bauman, J.E.; Grandis, J.R. Head and neck squamous cell carcinoma. Nat.
Rev. Dis. Primers 2020, 6, 92. [CrossRef]

4. List, M.A,; Stracks, J.; Colangelo, L.; Butler, P.; Ganzenko, N.; Lundy, D.; Sullivan, P.; Haraf, D.; Kies, M.; Goodwin, W.; et al. How
Do head and neck cancer patients prioritize treatment outcomes before initiating treatment? J. Clin. Oncol. 2000, 18, 877-884.
[CrossRef] [PubMed]

5. Brotherston, D.C.; Poon, I; Le, T.; Leung, M.; Kiss, A.; Ringash, J.; Balogh, J.; Lee, J.; Wright, ]J.R. Patient preferences for
oropharyngeal cancer treatment de-escalation. Head Neck 2012, 35, 151-159. [CrossRef] [PubMed]

6.  List, M.A; Rutherford, J.L.; Stracks, J.; Pauloski, B.R.; Logemann, J.A.; Lundy, D.; Sullivan, P.; Goodwin, W.; Kies, M.; Vokes, E.E.
Prioritizing treatment outcomes: Head and neck cancer patients versus nonpatients. Head Neck 2004, 26, 163-170. [CrossRef]

7. Spilker, B. Introduction. In Quality of Life Assessments in Clinical Trials; Spilker, B., Ed.; Raven Press: New York, NY, USA, 1990;
pp- 3-9.

8. Ringash, J.; Bernstein, L.J.; Devins, G.; Dunphy, C.; Giuliani, M.; Martino, R.; McEwen, S. Head and Neck Cancer Survivorship:
Learning the Needs, Meeting the Needs. Semin. Radiat. Oncol. 2018, 28, 64-74. [CrossRef]

9.  Schipper, H.C.J.; Powell, V. Definitions and Conceptual Issues. In Quality of Life Assessments in Clinical Trials; Spilker, B., Ed.;
Raven Press: New York, NY, USA, 1990; pp. 11-24.

10. List, M.A.; Bilir, S.P. Functional outcomes in head and neck cancer. Semin. Radiat. Oncol. 2004, 14, 178-189. [CrossRef]

11. Pusic, A; Liu, ]J.C.; Chen, C.M,; Cano, S.; Davidge, K; Klassen, A.; Branski, R.; Patel, S.; Kraus, D.; Cordeiro, P.G. A systematic
review of patient-reported outcome measures in head and neck cancer surgery. Otolaryngol. Head Neck Surg. 2007, 136, 525-535.
[CrossRef]

12.  Ojo, B.; Genden, E.M.; Teng, M.S.; Milbury, K.; Misiukiewicz, K.J.; Badr, H. A systematic review of head and neck cancer quality

of life assessment instruments. Oral Oncol. 2012, 48, 923-937. [CrossRef]


https://www.mdpi.com/article/10.3390/cancers14092135/s1
https://www.mdpi.com/article/10.3390/cancers14092135/s1
http://doi.org/10.1056/NEJMra1715715
http://www.ncbi.nlm.nih.gov/pubmed/31893516
http://doi.org/10.1016/j.oraloncology.2021.105184
http://www.ncbi.nlm.nih.gov/pubmed/33581504
http://doi.org/10.1038/s41572-020-00224-3
http://doi.org/10.1200/JCO.2000.18.4.877
http://www.ncbi.nlm.nih.gov/pubmed/10673531
http://doi.org/10.1002/hed.22930
http://www.ncbi.nlm.nih.gov/pubmed/22431201
http://doi.org/10.1002/hed.10367
http://doi.org/10.1016/j.semradonc.2017.08.008
http://doi.org/10.1053/j.semradonc.2003.12.008
http://doi.org/10.1016/j.otohns.2006.12.006
http://doi.org/10.1016/j.oraloncology.2012.03.025

Cancers 2022, 14,2135 16 of 19

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Hassan, S.J.; Weymuller, E.A., Jr. Assessment of quality of life in head and neck cancer patients. Head Neck 1993, 15, 485-496.
[CrossRef]

List, M.A; Ritter-Sterr, C.; Lansky, S.B. A performance status scale for head and neck cancer patients. Cancer 1990, 66, 564-569.
[CrossRef]

Cella, D.E; Tulsky, D.S.; Gray, G.; Sarafian, B.; Linn, E.; Bonomi, A ; Silberman, M.; Yellen, S.B.; Winicour, P.; Brannon, |; et al. The
Functional Assessment of Cancer Therapy scale: Development and validation of the general measure. J. Clin. Oncol. 1993, 11,
570-579. [CrossRef] [PubMed]

List, M.A.; D’Antonio, L.L.; Cella, D.F; Siston, A.; Mumby, P.; Haraf, D.; Vokes, E. The Performance Status Scale for Head and
Neck Cancer Patients and the Functional Assessment of Cancer Therapy-Head and Neck Scale. A study of utility and validity.
Cancer 1996, 77, 2294-2301. [CrossRef]

Aaronson, N.K.; Ahmedzai, S.; Bergman, B.; Bullinger, M.; Cull, A.; Duez, N.J.; Filiberti, A.; Flechtner, H.; Fleishman, S.B.; de Haes,
J.C.; et al. The European Organization for Research and Treatment of Cancer QLQ-C30: A quality-of-life instrument for use in
international clinical trials in oncology. J. Natl. Cancer Inst. 1993, 85, 365-376. [CrossRef]

Bjordal, K.; De Graeff, A.; Fayers, PM.; Hammerlid, E.; van Pottelsberghe, C.; Curran, D.; Ahlner-Elmqvist, M.; Maher, E.J.; Meyza,
J.W,; Bredart, A.; et al. A 12 country field study of the EORTC QLQ-C30 (version 3.0) and the head and neck cancer specific
module (EORTC QLQ-H&N35) in head and neck patients. EORTC Quality of Life Group. Eur. J. Cancer 2000, 36, 1796-1807.
Bjordal, K.; Hammerlid, E.; Ahlner-Elmqvist, M.; De Graeff, A.; Boysen, M.; Evensen, J.F; Biorklund, A.; de Leeuw, J.R.; Fayers,
PM.; Jannert, M.; et al. Quality of life in head and neck cancer patients: Validation of the European Organization for Research and
Treatment of Cancer Quality of Life Questionnaire-H&N?35. J. Clin. Oncol. 1999, 17, 1008-1019.

Hoxbroe Michaelsen, S.; Grenhgj, C.; Hoxbroe Michaelsen, J.; Friborg, J.; von Buchwald, C. Quality of life in survivors of
oropharyngeal cancer: A systematic review and meta-analysis of 1366 patients. Eur. J. Cancer 2017, 78, 91-102. [CrossRef]
Campbell, B.H.; Marbella, A.; Layde, PM. Quality of life and recurrence concern in survivors of head and neck cancer. Laryngoscope
2000, 110, 895-906. [CrossRef]

Dunne, S.; Mooney, O.; Coffey, L.; Sharp, L.; Desmond, D.; Timon, C.; O’Sullivan, E.; Gallagher, P. Psychological variables
associated with quality of life following primary treatment for head and neck cancer: A systematic review of the literature from
2004 to 2015. Psycho-Oncology 2017, 26, 149-160. [CrossRef]

Sprangers, M.A.; Schwartz, C.E. The challenge of response shift for quality-of-life-based clinical oncology research. Ann. Oncol.
1999, 10, 747-749. [CrossRef] [PubMed]

Ilie, G.; Bradfield, J.; Moodie, L.; Lawen, T.; Ilie, A.; Lawen, Z.; Blackman, C.; Gainer, R.; Rutledge, R.D.H. The Role of Response-
Shift in Studies Assessing Quality of Life Outcomes Among Cancer Patients: A Systematic Review. Front. Oncol. 2019, 9, 783.
[CrossRef] [PubMed]

Vernon, S.W.; Abotchie, PN.; McQueen, A.; White, A.; Eberth, ].M.; Coan, S.P. Is the accuracy of self-reported colorectal cancer
screening associated with social desirability? Cancer Epidemiol. Biomark. Prev. 2012, 21, 61-65. [CrossRef] [PubMed]

Mondal, H.; Mondal, S. Social desirability bias: A confounding factor to consider in survey by self-administered questionnaire.
Indian |. Pharmacol. 2018, 50, 143-144. [CrossRef] [PubMed]

Protzko, J.; Zedelius, C.M.; Schooler, ].W. Rushing to Appear Virtuous: Time Pressure Increases Socially Desirable Responding.
Psychol. Sci. 2019, 30, 1584-1591. [CrossRef]

Hitchcott, PK.; Penna, M.P; Fastame, M.C. Age Trends in Well-Being and Depressive Symptoms: The Role of Social Desirability.
Psychiatr. Q 2020, 91, 463—-473. [CrossRef]

Meisters, J.; Hoffmann, A.; Musch, J. Controlling social desirability bias: An experimental investigation of the extended crosswise
model. PLoS ONE 2020, 15, e0243384. [CrossRef]

Huguenin, PU.; Taussky, D.; Moe, K.; Meister, A.; Baumert, B.; Liitolf, UM.; Glanzmann, C. Quality of life in patients cured from
a carcinoma of the head and neck by radiotherapy: The importance of the target volume. Int. J. Radiat. Oncol. Biol. Phys. 1999, 45,
47-52. [CrossRef]

Kirsh, E.; Naunheim, M.; Holman, A.; Kammer, R.; Varvares, M.; Goldsmith, T. Patient-reported versus physiologic swallowing
outcomes in patients with head and neck cancer after chemoradiation. Laryngoscope 2019, 129, 2059-2064. [CrossRef]

Ringash, J.; Bernstein, L.J.; Cella, D.; Logemann, J.; Movsas, B.; Murphy, B.; Trotti, A.; Wells, N.; Yueh, B.; Ridge, J]. Outcomes
toolbox for head and neck cancer research. Head Neck 2015, 37, 425-439. [CrossRef]

Parke, S.C.; Oza, S.; Shahpar, S.; Ngo-Huang, A.; Herbert, A.; Barksdale, T.; Gerber, L. Identifying Gaps in Research on
Rehabilitation for Patients With Head and Neck Cancer: A Scoping Review. Arch. Phys. Med. Rehabil. 2019, 100, 2381-2388.
[CrossRef] [PubMed]

Osborn, H.A.; Goldsmith, T.A.; Varvares, M.A. Assessing functional outcomes in head and neck surgical oncology. Head Neck
2019, 41, 2051-2057. [CrossRef] [PubMed]

Chen, A.Y,; Frankowski, R.; Bishop-Leone, ]J.; Hebert, T.; Leyk, S.; Lewin, J.; Goepfert, H. The development and validation of a
dysphagia-specific quality-of-life questionnaire for patients with head and neck cancer: The M. D. Anderson dysphagia inventory.
Arch. Otolaryngol. Head Neck Surg. 2001, 127, 870-876. [PubMed]

Dejaco, D.; Riedl, D.; Gasser, S.; Schartinger, V.H.; Innerhofer, V.; Gottfried, T.; Steinbichler, T.B.; Riechelmann, F.; Moschen, R,;
Galvan, O.; et al. A Tool for Rapid Assessment of Functional Outcomes in Patients with Head and Neck Cancer. Cancers 2021,
13, 5529. [CrossRef]


http://doi.org/10.1002/hed.2880150603
http://doi.org/10.1002/1097-0142(19900801)66:3&lt;564::AID-CNCR2820660326&gt;3.0.CO;2-D
http://doi.org/10.1200/JCO.1993.11.3.570
http://www.ncbi.nlm.nih.gov/pubmed/8445433
http://doi.org/10.1002/(SICI)1097-0142(19960601)77:11&lt;2294::AID-CNCR17&gt;3.0.CO;2-S
http://doi.org/10.1093/jnci/85.5.365
http://doi.org/10.1016/j.ejca.2017.03.006
http://doi.org/10.1097/00005537-200006000-00003
http://doi.org/10.1002/pon.4109
http://doi.org/10.1023/A:1008305523548
http://www.ncbi.nlm.nih.gov/pubmed/10470418
http://doi.org/10.3389/fonc.2019.00783
http://www.ncbi.nlm.nih.gov/pubmed/31482068
http://doi.org/10.1158/1055-9965.EPI-11-0552
http://www.ncbi.nlm.nih.gov/pubmed/22144501
http://doi.org/10.4103/ijp.IJP_15_17
http://www.ncbi.nlm.nih.gov/pubmed/30166752
http://doi.org/10.1177/0956797619867939
http://doi.org/10.1007/s11126-020-09711-y
http://doi.org/10.1371/journal.pone.0243384
http://doi.org/10.1016/S0360-3016(99)00128-5
http://doi.org/10.1002/lary.27610
http://doi.org/10.1002/hed.23561
http://doi.org/10.1016/j.apmr.2019.03.022
http://www.ncbi.nlm.nih.gov/pubmed/31082380
http://doi.org/10.1002/hed.25656
http://www.ncbi.nlm.nih.gov/pubmed/30698897
http://www.ncbi.nlm.nih.gov/pubmed/11448365
http://doi.org/10.3390/cancers13215529

Cancers 2022, 14,2135 17 of 19

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Reid, B.C.; Alberg, A.].; Klassen, A.C.; Koch, WM.; Samet, ]. M. The American Society of Anesthesiologists’ class as a comorbidity
index in a cohort of head and neck cancer surgical patients. Head Neck 2001, 23, 985-994. [CrossRef]

Fakhry, C.; Zhang, Q.; Gillison, M.L.; Nguyen-Tan, P.F.; Rosenthal, D.I.; Weber, R.S.; Lambert, L.; Trotti, A.M., 3rd; Barrett, W.L,;
Thorstad, W.L,; et al. Validation of NRG oncology/RTOG-0129 risk groups for HPV-positive and HPV-negative oropharyngeal
squamous cell cancer: Implications for risk-based therapeutic intensity trials. Cancer 2019, 125, 2027-2038. [CrossRef]

Bernier, J.; Domenge, C.; Ozsahin, M.; Matuszewska, K.; Lefebvre, J.L.; Greiner, R.H.; Giralt, J.; Maingon, P; Rolland, F; Bolla, M.;
et al. Postoperative irradiation with or without concomitant chemotherapy for locally advanced head and neck cancer. N. Engl. ].
Med. 2004, 350, 1945-1952. [CrossRef]

Maihoefer, C.; Schuttrumpf, L.; Macht, C.; Pflugradt, U.; Hess, ].; Schneider, L.; Woischke, C.; Walch, A.; Baumeister, P.; Kirchner,
T.; et al. Postoperative (chemo) radiation in patients with squamous cell cancers of the head and neck-clinical results from the
cohort of the clinical cooperation group “Personalized Radiotherapy in Head and Neck Cancer”. Radiat. Oncol. 2018, 13, 123.
[CrossRef]

Schuttrumpf, L.; Marschner, S.; Scheu, K.; Hess, J.; Rietzler, S.; Walch, A.; Baumeister, P; Kirchner, T.; Ganswindt, U.; Zitzelsberger,
H.; et al. Definitive chemoradiotherapy in patients with squamous cell cancers of the head and neck-results from an unselected
cohort of the clinical cooperation group “Personalized Radiotherapy in Head and Neck Cancer”. Radiat. Oncol. 2020, 15, 7.
[CrossRef]

Rades, D.; Seidl, D.; Janssen, S.; Strojan, P.; Karner, K.; Bajrovic, A.; Hakim, S.G.; Wollenberg, B.; Schild, S.E. Comparing two
lower-dose cisplatin programs for radio-chemotherapy of locally advanced head-and-neck cancers. Eur. Arch. Otorhinolaryngol.
2017, 274, 1021-1027. [CrossRef]

Budach, V.; Stromberger, C.; Poettgen, C.; Baumann, M.; Budach, W.; Grabenbauer, G.; Marnitz, S.; Olze, H.; Wernecke, K.D.;
Ghadjar, P. Hyperfractionated accelerated radiation therapy (HART) of 70.6 Gy with concurrent 5-FU/Mitomycin C is superior to
HART of 77.6 Gy alone in locally advanced head and neck cancer: Long-term results of the ARO 95-06 randomized phase III trial.
Int. ]. Radiat. Oncol. Biol. Phys. 2015, 91, 916-924. [CrossRef] [PubMed]

Bonner, J.A.; Harari, PM.; Giralt, J.; Azarnia, N.; Shin, D.M.; Cohen, R.B.; Jones, C.U.; Sur, R.; Raben, D.; Jassem, J.; et al.
Radiotherapy plus cetuximab for squamous-cell carcinoma of the head and neck. N. Engl. J. Med. 2006, 354, 567-578. [CrossRef]
Crowder, S.L.; Douglas, K.G.; Yanina Pepino, M.; Sarma, K.P.; Arthur, A.E. Nutrition impact symptoms and associated outcomes
in post-chemoradiotherapy head and neck cancer survivors: A systematic review. J. Cancer Surviv. 2018, 12, 479-494. [CrossRef]
[PubMed]

Schemper, M.; Smith, T.L. A note on quantifying follow-up in studies of failure time. Control. Clin. Trials 1996, 17, 343-346.
[CrossRef]

Rodriguez, A.M.; Komar, A.; Ringash, J.; Chan, C.; Davis, A.M.; Jones, J.; Martino, R.; McEwen, S. A scoping review of
rehabilitation interventions for survivors of head and neck cancer. Disabil. Rehabil. 2019, 41, 2093-2107. [CrossRef]

Wan Leung, S.; Lee, T.F.; Chien, C.Y.; Chao, PJ.; Tsai, W.L.; Fang, FM. Health-related quality of life in 640 head and neck cancer
survivors after radiotherapy using EORTC QLQ-C30 and QLQ-H&N35 questionnaires. BMIC Cancer 2011, 11, 128. [CrossRef]
Kondo, T.; Sugauchi, A.; Yabuno, Y.; Kobashi, H.; Amano, K.; Aikawa, T.; Kogo, M.; Okura, M. Performance status scale for
head and neck scores for oral cancer survivors: Predictors and factors for improving quality of life. Clin. Oral Investig. 2019, 23,
1575-1582. [CrossRef]

Rogers, S.N.; Lowe, D.; Yueh, B.; Weymuller, E.A., Jr. The physical function and social-emotional function subscales of the
University of Washington Quality of Life Questionnaire. Arch. Otolaryngol. Head Neck Surg. 2010, 136, 352-357. [CrossRef]
Veldhuis, D.; Probst, G.; Marek, A.; Noack, V.; Ural, A.; Adamietz, I.; Dazert, S.; Minovi, A. Tumor site and disease stage as
predictors of quality of life in head and neck cancer: A prospective study on patients treated with surgery or combined therapy
with surgery and radiotherapy or radiochemotherapy. Eur. Arch. Otorhinolaryngol. 2016, 273, 215-224. [CrossRef]

Ryzek, D.F.; Mantsopoulos, K.; Kunzel, ].; Grundtner, P.; Zenk, J.; Iro, H.; Psychogios, G. Early stage oropharyngeal carcinomas:
Comparing quality of life for different treatment modalities. BioMed Res. Int. 2014, 2014, 421964. [CrossRef]

Chaukar, D.A.; Walvekar, R.R.; Das, A K.; Deshpande, M.S.; Pai, P.S.; Chaturvedi, P.; Kakade, A.; D’Cruz, A.K. Quality of life in
head and neck cancer survivors: A cross-sectional survey. Am. J. Otolaryngol. 2009, 30, 176-180. [CrossRef] [PubMed]

Nguyen, N.P,; Moltz, C.C,; Frank, C.; Vos, P.; Smith, H.].; Karlsson, U.; Dutta, S.; Midyett, EA.; Barloon, J.; Sallah, S. Dysphagia
following chemoradiation for locally advanced head and neck cancer. Ann. Oncol. 2004, 15, 383-388. [CrossRef] [PubMed]
Rinkel, R.N.; Verdonck-de Leeuw, L.M.; Doornaert, P.; Buter, ].; de Bree, R.; Langendijk, J.A.; Aaronson, N.K.; Leemans, C.R.
Prevalence of swallowing and speech problems in daily life after chemoradiation for head and neck cancer based on cut-off scores
of the patient-reported outcome measures SWAL-QOL and SHI. Eur. Arch. Otorhinolaryngol. 2016, 273, 1849-1855. [CrossRef]
[PubMed]

Crombie, A.K,; Farah, C.S.; Batstone, M.D. Health-related quality of life of patients treated with primary chemoradiotherapy for
oral cavity squamous cell carcinoma: A comparison with surgery. Br. J. Oral Maxillofac. Surg. 2014, 52, 111-117. [CrossRef]
Chen, A.M.; Daly, M.E,; Luu, Q.; Donald, PJ.; Farwell, D.G. Comparison of functional outcomes and quality of life between
transoral surgery and definitive chemoradiotherapy for oropharyngeal cancer. Head Neck 2015, 37, 381-385. [CrossRef]
Howard, J.; Masterson, L.; Dwivedi, R.C,; Riffat, F,; Benson, R.; Jefferies, S.; Jani, P; Tysome, J.R.; Nutting, C. Minimally invasive
surgery versus radiotherapy/chemoradiotherapy for small-volume primary oropharyngeal carcinoma. Cochrane Database Syst.
Rev. 2016, 12, Cd010963. [CrossRef]


http://doi.org/10.1002/hed.1143
http://doi.org/10.1002/cncr.32025
http://doi.org/10.1056/NEJMoa032641
http://doi.org/10.1186/s13014-018-1067-1
http://doi.org/10.1186/s13014-019-1452-4
http://doi.org/10.1007/s00405-016-4326-5
http://doi.org/10.1016/j.ijrobp.2014.12.034
http://www.ncbi.nlm.nih.gov/pubmed/25670541
http://doi.org/10.1056/NEJMoa053422
http://doi.org/10.1007/s11764-018-0687-7
http://www.ncbi.nlm.nih.gov/pubmed/29556926
http://doi.org/10.1016/0197-2456(96)00075-X
http://doi.org/10.1080/09638288.2018.1459880
http://doi.org/10.1186/1471-2407-11-128
http://doi.org/10.1007/s00784-018-2587-7
http://doi.org/10.1001/archoto.2010.32
http://doi.org/10.1007/s00405-015-3496-x
http://doi.org/10.1155/2014/421964
http://doi.org/10.1016/j.amjoto.2008.05.001
http://www.ncbi.nlm.nih.gov/pubmed/19410123
http://doi.org/10.1093/annonc/mdh101
http://www.ncbi.nlm.nih.gov/pubmed/14998839
http://doi.org/10.1007/s00405-015-3680-z
http://www.ncbi.nlm.nih.gov/pubmed/26071622
http://doi.org/10.1016/j.bjoms.2013.09.014
http://doi.org/10.1002/hed.23610
http://doi.org/10.1002/14651858.CD010963.pub2

Cancers 2022, 14,2135 18 of 19

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

Rathod, S.; Gupta, T.; Ghosh-Laskar, S.; Murthy, V.; Budrukkar, A.; Agarwal, J. Quality-of-life (QOL) outcomes in patients with
head and neck squamous cell carcinoma (HNSCC) treated with intensity-modulated radiation therapy (IMRT) compared to
three-dimensional conformal radiotherapy (3D-CRT): Evidence from a prospective randomized study. Oral Oncol. 2013, 49,
634-642. [CrossRef]

Kraaijenga, S.A.; Oskam, L.M.; van der Molen, L.; Hamming-Vrieze, O.; Hilgers, EJ.; van den Brekel, M.W. Evaluation of long
term (10-years+) dysphagia and trismus in patients treated with concurrent chemo-radiotherapy for advanced head and neck
cancer. Oral Oncol. 2015, 51, 787-794. [CrossRef]

Ringash, J.; Fisher, R.; Peters, L.; Trotti, A.; O’Sullivan, B.; Corry, J.; Kenny, L.; Van Den Bogaert, W.; Wratten, C.; Rischin, D.
Effect of p16 Status on the Quality-of-Life Experience During Chemoradiation for Locally Advanced Oropharyngeal Cancer: A
Substudy of Randomized Trial Trans-Tasman Radiation Oncology Group (TROG) 02.02 (HeadSTART). Int. J. Radiat. Oncol. Biol.
Phys. 2016, 97, 678-686. [CrossRef]

Trivedi, N.P; Swaminathan, D K.; Thankappan, K.; Chatni, S.; Kuriakose, M.A.; Iyer, S. Comparison of quality of life in advanced
laryngeal cancer patients after concurrent chemoradiotherapy vs total laryngectomy. Otolaryngol. Head Neck Surg. 2008, 139,
702-707. [CrossRef]

El-Deiry, M.; Funk, G.F,; Nalwa, S.; Karnell, L.H.; Smith, R.B.; Buatti, ].M.; Hoffman, H.T.; Clamon, G.H.; Graham, S.M.; Trask,
D.K;; et al. Long-term quality of life for surgical and nonsurgical treatment of head and neck cancer. Arch. Otolaryngol. Head Neck
Surg. 2005, 131, 879-885. [CrossRef] [PubMed]

Tschiesner, U.; Schuster, L.; Strieth, S.; Harréus, U. Functional outcome in patients with advanced head and neck cancer: Surgery
and reconstruction with free flaps versus primary radiochemotherapy. Eur. Arch. Otorhinolaryngol. 2012, 269, 629-638. [CrossRef]
[PubMed]

Dwivedi, R.C.; St Rose, S.; Chisholm, E.J.; Youssefi, P.; Hassan, M.S.; Khan, A.S.; Elmiyeh, B.; Kerawala, C.J.; Clarke, PM.; Nutting,
C.M,; et al. Evaluation of factors affecting post-treatment quality of life in oral and oropharyngeal cancer patients primarily
treated with curative surgery: An exploratory study. Eur. Arch. Otorhinolaryngol. 2012, 269, 591-599. [CrossRef] [PubMed]
Meyer, T.K,; Kuhn, ].C.; Campbell, B.H.; Marbella, A.M.; Myers, K.B.; Layde, PM. Speech intelligibility and quality of life in head
and neck cancer survivors. Laryngoscope 2004, 114, 1977-1981. [CrossRef] [PubMed]

Vartanian, J.G.; Kowalski, L.P. Acceptance of major surgical procedures and quality of life among long-term survivors of advanced
head and neck cancer. Arch. Otolaryngol. Head Neck Surg. 2009, 135, 376-379. [CrossRef]

World Health Organization. International Classification of Functioning, Disability and Health: ICF; World Health Organization:
Geneva, Switzerland, 2001; Volume 2019.

World Health Organization. WHO Guidelines for the Pharmacological and Radiotherapeutic Management of Cancer Pain in Adults and
Adolescents; World Health Organization: Geneva, Switzerland, 2018.

Blasco, M.A.; Cordero, J.; Dundar, Y. Chronic Pain Management in Head and Neck Oncology. Otolaryngol. Clin. N. Am. 2020, 53,
865-875. [CrossRef] [PubMed]

Dugué, J.; Humbert, M.; Bendiane, M.K.; Bouhnik, A.D.; Babin, E.; Licaj, I. Head and neck cancer survivors’ pain in France: The
VICAN study. J. Cancer Surviv. 2021, 16, 119-131. [CrossRef]

Cho, S.F; Rau, KM.; Shao, Y.Y;; Yen, C.J.; Wu, M.E; Chen, ].S.; Chang, C.S.; Yeh, S.P; Chiou, T.J.; Hsieh, R.K; et al. Patients with
head and neck cancer may need more intensive pain management to maintain daily functioning: A multi-center study. Support.
Care Cancer Off. ]. Multinatl. Assoc. Support. Care Cancer 2019, 27, 1663-1672. [CrossRef]

Cramer, J.D.; Johnson, J.T.; Nilsen, M.L. Pain in Head and Neck Cancer Survivors: Prevalence, Predictors, and Quality-of-Life
Impact. Otolaryngol. Head Neck Surg. 2018, 159, 853-858. [CrossRef]

Havard, M.; Esslinger, H.; Mierzwa, M.; Kharofa, J.; Takiar, V. Increased Pain Reporting by Head and Neck Cancer Patients at
Radjiation Oncology Consultation: A Quality-of-Life Analysis. Laryngoscope 2021, 131, 326-332. [CrossRef]

Humpbhreys, K. Avoiding globalisation of the prescription opioid epidemic. Lancet 2017, 390, 437-439. [CrossRef]

Gourin, C.G.; McAfee, W.J.; Neyman, K.M.; Howington, ].W.; Podolsky, R.H.; Terris, D.J. Effect of comorbidity on quality of
life and treatment selection in patients with squamous cell carcinoma of the head and neck. Laryngoscope 2005, 115, 1371-1375.
[CrossRef] [PubMed]

Wells, M.; Swartzman, S.; Lang, H.; Cunningham, M.; Taylor, L.; Thomson, ].; Philp, J.; McCowan, C. Predictors of quality of
life in head and neck cancer survivors up to 5 years after end of treatment: A cross-sectional survey. Support. Care Cancer Off. ].
Multinatl. Assoc. Support. Care Cancer 2016, 24, 2463-2472. [CrossRef] [PubMed]

Gotze, H.; Friedrich, M.; Taubenheim, S.; Dietz, A.; Lordick, F; Mehnert, A. Depression and anxiety in long-term survivors 5 and
10 years after cancer diagnosis. Support. Care Cancer Off. ]. Multinatl. Assoc. Support. Care Cancer 2020, 28, 211-220. [CrossRef]
Naser, A.Y,; Hameed, A.N.; Mustafa, N.; Alwafi, H.; Dahmash, E.Z.; Alyami, H.S.; Khalil, H. Depression and Anxiety in Patients
With Cancer: A Cross-Sectional Study. Front. Psychol. 2021, 12, 585534. [CrossRef]

Chen, A.M.; Daly, M.E.; Vazquez, E.; Courquin, J.; Luu, Q.; Donald, PJ.; Farwell, D.G. Depression among long-term survivors of
head and neck cancer treated with radiation therapy. JAMA Otolaryngol.-Head Neck Surg. 2013, 139, 885-889. [CrossRef]

World Health Organization. Depression and Other Common Mental Disorders: Global Health Estimates; World Health Organization:
Geneva, Switzerland, 2017.

Lydiatt, WM.; Moran, J.; Burke, W]. A review of depression in the head and neck cancer patient. Clin. Adv. Hematol. Oncol. 2009,
7,397-403.


http://doi.org/10.1016/j.oraloncology.2013.02.013
http://doi.org/10.1016/j.oraloncology.2015.05.003
http://doi.org/10.1016/j.ijrobp.2016.03.017
http://doi.org/10.1016/j.otohns.2008.06.002
http://doi.org/10.1001/archotol.131.10.879
http://www.ncbi.nlm.nih.gov/pubmed/16230590
http://doi.org/10.1007/s00405-011-1642-7
http://www.ncbi.nlm.nih.gov/pubmed/21643935
http://doi.org/10.1007/s00405-011-1621-z
http://www.ncbi.nlm.nih.gov/pubmed/21553147
http://doi.org/10.1097/01.mlg.0000147932.36885.9e
http://www.ncbi.nlm.nih.gov/pubmed/15510026
http://doi.org/10.1001/archoto.2009.5
http://doi.org/10.1016/j.otc.2020.05.015
http://www.ncbi.nlm.nih.gov/pubmed/32684285
http://doi.org/10.1007/s11764-021-01010-0
http://doi.org/10.1007/s00520-018-4404-x
http://doi.org/10.1177/0194599818783964
http://doi.org/10.1002/lary.28784
http://doi.org/10.1016/S0140-6736(17)31918-9
http://doi.org/10.1097/01.mlg.0000167983.32017.64
http://www.ncbi.nlm.nih.gov/pubmed/16094107
http://doi.org/10.1007/s00520-015-3045-6
http://www.ncbi.nlm.nih.gov/pubmed/26660345
http://doi.org/10.1007/s00520-019-04805-1
http://doi.org/10.3389/fpsyg.2021.585534
http://doi.org/10.1001/jamaoto.2013.4072

Cancers 2022, 14,2135 19 of 19

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

Kam, D.; Salib, A.; Gorgy, G.; Patel, T.D.; Carniol, E.T.; Eloy, ].A.; Baredes, S.; Park, R.C. Incidence of Suicide in Patients With
Head and Neck Cancer. JAMA Otolaryngol.-Head Neck Surg. 2015, 141, 1075-1081. [CrossRef]

Maciejewski, O.; Smeets, R.; Gerhards, F.; Kolk, A.; Kloss, E,; Stein, ].M.; Kasaj, A.; Koch, E; Grosjean, M.; Riediger, D.; et al.
Gender specific quality of life in patients with oral squamous cell carcinomas. Head Face Med. 2010, 6, 21. [CrossRef]

Chhabria, K.S.; Carnaby, G.D. Psychometric validation of the Center for Epidemiological Studies Depression Scale in Head and
Neck Cancer patients. Oral Oncol. 2017, 75, 158-162. [CrossRef]

Karnell, L.H.; Funk, G.E; Christensen, A.].; Rosenthal, E.L.; Magnuson, J.S. Persistent posttreatment depressive symptoms in
patients with head and neck cancer. Head Neck 2006, 28, 453-461. [CrossRef] [PubMed]

Bamonti, PM.; Moye, J.; Naik, A.D. Pain is associated with continuing depression in cancer survivors. Psychol. Health Med. 2018,
23,1182-1195. [CrossRef]

van Hinte, G.; Wetzels, ].G.H.; Merkx, M.A.W.; de Haan, A.EJ.; Koole, R.; Speksnijder, C.M. Factors influencing neck and shoulder
function after oral oncology treatment: A five-year prospective cohort study in 113 patients. Support. Care Cancer Off. . Multinatl.
Assoc. Support. Care Cancer 2019, 27, 2553-2560. [CrossRef] [PubMed]

Miicke, T.; Koschinski, J.; Wagenpfeil, S.; Wolff, K.D.; Kanatas, A.; Mitchell, D.A.; Deppe, H.; Kesting, M.R. Functional outcome
after different oncological interventions in head and neck cancer patients. J. Cancer Res. Clin. Oncol. 2012, 138, 371-376. [CrossRef]
[PubMed]

Eickmeyer, S.M.; Walczak, C.K.; Myers, K.B.; Lindstrom, D.R.; Layde, P.; Campbell, B.H. Quality of life, shoulder range of motion,
and spinal accessory nerve status in 5-year survivors of head and neck cancer. PM R |. Inj. Funct. Rehabil. 2014, 6, 1073-1080.
[CrossRef] [PubMed]

Nilsen, M.L.; Mady, L.J.; Hodges, J.; Wasserman-Wincko, T.; Johnson, J.T. Burden of treatment: Reported outcomes in a head and
neck cancer survivorship clinic. Laryngoscope 2019, 129, E437-E444. [CrossRef]

Suarez-Cunqueiro, M.M.; Schramm, A.; Schoen, R.; Seoane-Leston, J.; Otero-Cepeda, X.L.; Bormann, K.H.; Kokemueller, H.;
Metzger, M.; Diz-Dios, P.; Gellrich, N.C. Speech and swallowing impairment after treatment for oral and oropharyngeal cancer.
Arch. Otolaryngol. Head Neck Surg. 2008, 134, 1299-1304. [CrossRef]

Oozeer, N.B.; Owen, S.; Perez, B.Z.; Jones, G.; Welch, A.R.; Paleri, V. Functional status after total laryngectomy: Cross-sectional
survey of 79 laryngectomees using the Performance Status Scale for Head and Neck Cancer. J. Laryngol. Otol. 2010, 124, 412-416.
[CrossRef]

Staar, S.; Rudat, V.; Stuetzer, H.; Dietz, A.; Volling, P.; Schroeder, M.; Flentje, M.; Eckel, H.E.; Mueller, R.P. Intensified hyper-
fractionated accelerated radiotherapy limits the additional benefit of simultaneous chemotherapy—Results of a multicentric
randomized German trial in advanced head-and-neck cancer. Int. . Radiat. Oncol. Biol. Phys. 2001, 50, 1161-1171. [CrossRef]
Beitler, J.J.; Zhang, Q.; Fu, K.K,; Trotti, A.; Spencer, S.A.; Jones, C.U.; Garden, A.S.; Shenouda, G.; Harris, J.; Ang, K K. Final results
of local-regional control and late toxicity of RTOG 9003: A randomized trial of altered fractionation radiation for locally advanced
head and neck cancer. Int. . Radiat. Oncol. Biol. Phys. 2014, 89, 13-20. [CrossRef]

Graboyes, E.M.; Hand, B.N; Ellis, M.A.; Huang, A.T.; Nilsen, M.L.; Pipkorn, P.; Marsh, C.H.; Maurer, S.; Day, T.A.; Sterba, K.R.
Validation of a Novel, Multidomain Head and Neck Cancer Appearance- and Function-Distress Patient-Reported Outcome
Measure. Otolaryngol. Head Neck Surg. 2020, 163, 979-985. [CrossRef]

Fingeret, M.C.; Yuan, Y.; Urbauer, D.; Weston, J.; Nipomnick, S.; Weber, R. The nature and extent of body image concerns among
surgically treated patients with head and neck cancer. Psycho-Oncology 2012, 21, 836-844. [CrossRef]

Ichikura, K.; Yamashita, A.; Sugimoto, T.; Kishimoto, S.; Matsushima, E. Persistence of psychological distress and correlated
factors among patients with head and neck cancer. Palliat. Support. Care 2016, 14, 42-51. [CrossRef]

Kisser, U.; Adderson-Kisser, C.; Coenen, M.; Stier-Jarmer, M.; Becker, S.; Sabariego, C.; Harreus, U. The development of an
ICF-based clinical guideline and screening tool for the standardized assessment and evaluation of functioning after head and
neck cancer treatment. Eur. Arch. Otorhinolaryngol. 2017, 274, 1035-1043. [CrossRef]

Tschiesner, U.; Rogers, S.; Dietz, A.; Yueh, B.; Cieza, A. Development of ICF core sets for head and neck cancer. Head Neck 2010,
32,210-220. [CrossRef]

Beck, A.C.C.; Kieffer, ].M.; Retel, V.P,; van Overveld, L.E; Takes, R.P; van den Brekel, M.W.; van Harten, W.H.; Stuiver, M.M.
Mapping the EORTC QLQ-C30 and QLQ-H&NB35 to the EQ-5D for head and neck cancer: Can dis-ease-specific utilities be
obtained? PLoS ONE 2019, 14, €0226077.


http://doi.org/10.1001/jamaoto.2015.2480
http://doi.org/10.1186/1746-160X-6-21
http://doi.org/10.1016/j.oraloncology.2017.11.010
http://doi.org/10.1002/hed.20370
http://www.ncbi.nlm.nih.gov/pubmed/16320360
http://doi.org/10.1080/13548506.2018.1476723
http://doi.org/10.1007/s00520-018-4534-1
http://www.ncbi.nlm.nih.gov/pubmed/30430300
http://doi.org/10.1007/s00432-011-1106-x
http://www.ncbi.nlm.nih.gov/pubmed/22143103
http://doi.org/10.1016/j.pmrj.2014.05.015
http://www.ncbi.nlm.nih.gov/pubmed/24880060
http://doi.org/10.1002/lary.27801
http://doi.org/10.1001/archotol.134.12.1299
http://doi.org/10.1017/S0022215109992192
http://doi.org/10.1016/S0360-3016(01)01544-9
http://doi.org/10.1016/j.ijrobp.2013.12.027
http://doi.org/10.1177/0194599820927364
http://doi.org/10.1002/pon.1990
http://doi.org/10.1017/S1478951515000711
http://doi.org/10.1007/s00405-016-4317-6
http://doi.org/10.1002/hed.21172

	Introduction 
	Materials and Methods 
	Study Population 
	Treatment 
	Head and Neck Functional InTegrity Scales 
	Data Analysis 

	Results 
	Study Population 
	Functional Status at Last Follow-Up 
	Binary Logistic Regression Analyses 
	Poorest Functional Otucome 

	Discussion 
	Conclusions 
	References

