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Abstract

Objective.—Although neck impairment has been described following surgical resection, limited
studies have investigated its prevalence in nonsurgical treatment. The purpose of this study is to
determine the prevalence and predictors of neck disability following head and neck cancer (HNC)
treatment and to explore its association with quality of life (QOL).

Study Design.—Cross-sectional study.
Setting.—HNC survivorship clinic.

Subjects and Methods.—We identified 214 survivors who completed treatment =1 year prior
to evaluation in the clinic. Self-reported neck impairment was measured using the Neck Disability
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Index. QOL was measured using the University of Washington QOL Questionnaire, with physical
and social subscale scores calculated. Regression analysis and trend tests were employed to
explore associations.

Results.—Over half of survivors (54.2%) reported neck disability. The odds of neck disability in
survivors who received nonsurgical treatment and those who received surgery plus adjuvant
treatment were 3.46 and 4.98 times higher compared to surgery alone (P=.008, £ =.004).
Survivors who underwent surgery only had higher physical and social QOL than those who
received nonsurgical treatment (physical QOL: P< .001, social QOL: P=.023) and those who
received surgery plus adjuvant treatment (physical QOL: £<.001, social QOL: P=.039).

Conclusion.—This study revealed a high prevalence of neck disability following nonsurgical
treatment. While neck disability is an established sequela of surgical resection, the impact of
nonsurgical treatment has gone unrecognized. Early identification and intervention to prevent
progression of neck disability are crucial to optimize QOL.

Keywords

head and neck cancer; survivorship; neck disability; quality of life

The treatment of tumors in the head and neck has substantial consequences on critical
physiologic functions, physical appearance, social interactions, and psychological well-
being. Recent advances in head and neck cancer (HNC) therapies such as modified and
selective neck dissections, organ-preserving laser surgery, microvascular flap reconstruction,
and intensity-modulated radiation therapy (IMRT) reflect an increasing emphasis on
improving functional outcomes while maintaining survival rates.1~> As a result, assessments
of functional outcomes and quality of life (QOL) have become important measures in HNC
clinical trials. Since patients’ perspectives may vary widely from those of their treatment
providers, patient-reported outcomes (PROs) are recognized as meaningful measures of
functional impairment and QOL.6 These subjective measures have been shown to correlate
with objective measures of dysfunction and provide advantages in clinical practice given
their relatively low costs and ease of implementation.”

There has been a dramatic evolution in the demographics of HNC survivors attributable to
the growing incidence of human papillomavirus (HPV)-associated oropharyngeal HNC,
which tends to present in younger and healthier individuals.® An increase in the utilization of
chemoradiation (CRT) as a primary and adjuvant treatment has paralleled this trend and
demonstrated advantages in attaining disease-free survival and locoregional control.® Such
patients demonstrate extended survivorship, presenting unique challenges to patients,
caregivers, and health care providers. Consequently, there is a burgeoning population of
long-term survivors who are at risk for unmet physical and psychosocial needs.1%-12 Most
patients with HNC, including HPV positive, present with locally advanced disease
necessitating intense multimodal management.13-16 As the intensity of standard therapy has
amplified, survivors experience substantial increases in acute toxicities.1’ Data on late
toxicities are limited and primarily focused on dysphagia, trismus, and pain,18:19
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In the posttreatment setting, a physical impairment may worsen over time secondary to
maladaptive postures and movement patterns with progressive fibrosis of tissues in
suboptimal positions. Physical therapy, lymphedema therapy, pharmacotherapy, and
integrative medicine approaches may be employed to improve musculoskeletal dysfunction.®
Thus, early detection of functional impairments in HNC survivors is critical to developing
targeted interventional strategies for long-term amelioration of late treatment-related
toxicities. Cervical and upper limb dysfunction are established sequelae of surgical resection
and reconstruction.”20-22 The impact of CRT, however, on musculoskeletal impairment is
poorly understood. Although less frequently described, shoulder morbidity is a reported
consequence of radiation therapy (RT) in the absence of surgery.23 Overall, there is a paucity
of literature examining physical impairments after nonsurgical management.18:23.24

The purpose of this study was to determine the prevalence and predictors of neck disability
following HNC treatment and to explore the association between neck disability and QOL.
Through the systematic collection of patient-reported outcomes and comprehensive
screening of functional impairments in HNC survivors, this investigation provides a unique
insight into the scope and trajectory of acute and late toxicities related to HNC therapy.

Materials and Methods

We conducted a retrospective review of patient-reported outcomes from a prospectively
maintained database from the University of Pittsburgh Medical Center Head and Neck
Cancer Survivorship Clinic. This retrospective review was approved by the University of
Pittsburgh Institutional Review Board. All adult (=18 years) survivors who completed
primary treatment for head and neck squamous cell carcinoma of the oral cavity,
oropharynx, or larynx/hypopharynx who were seen in the survivorship clinic between March
2017 and January 2018 were evaluated. Patients who underwent treatment for recurrence,
distant metastasis, or second primaries were excluded. To be included in the analysis,
survivors had to have completed both the University of Washington Quality of Life and
Neck Disability Index questionnaires and be at least 1 year posttreatment. Figure 1 is a
Consolidated Standards of Reporting Trials (CONSORT) flow diagram that details the
screening process for this study based on these inclusion/exclusion criteria.

Demographics and Clinical Characteristics

Demographics and clinical characteristics were abstracted from the medical record and
included age, sex, race, marital status, tumor site, American Joint Committee on Cancer
(AJCC) staging, HPV status for oropharyngeal tumors, and time since treatment completion.
Treatment groups were categorized as (1) surgery alone, (2) nonsurgical (RT or CRT), or (3)
surgery and adjuvant therapy (RT or CRT). All patients had to have undergone neck
dissection to be included in one of the surgery treatment groups.

Neck Disability Index

Neck pain and disability were assessed using the Neck Disability Index (NDI). The NDI is a
10-item measure of disability resulting from neck pain; the scale ranges from 0 to 50, with
higher scores denoting more severe disability.2> NDI scores were tabulated by the degree of
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disability (none: 0-4, mild to moderate: 5-24, and severe to complete: 25-50). For this
analysis, NDI was categorized into 2 groups: absence (0-4) or presence (5-50) of disability.
Although initially developed to measure neck pain in patients with cervical spine injury due
to whiplash, the NDI has been used to measure neck dysfunction in HNC survivors, 22
demonstrates high reliability and internal consistency,2526 and has an excellent ability to
distinguish patients with different levels of perceived disability.2’

University of Washington Quality of Life

QOL was measured using the University of Washington Quality of Life Scale (UWQOL)
Version 4. The UWQOL consists of 12 single questions with response options ranging from
3 to 6 choices. The domains are pain, appearance, activity, recreation, swallowing, chewing,
speech, shoulder, taste, saliva, mood, and anxiety. The physical subscale score is computed
as an average of 6 domain scores, which include chewing, swallowing, speech, taste, saliva,
and appearance.2 The social-emotional subscale score is an average of anxiety, mood, pain,
activity, recreation, and shoulder function. Subscale scores range from 0 to 100, with higher
scores indicating better functioning.2°

Statistical Analysis

All statistical analysis was performed using SAS (9.4; SAS Institute, Cary, North Carolina)
and RStudio (1.1.419; RStudio, Inc, Boston, Massachusetts). In the descriptive analysis,
mean and standard deviation were calculated for continuous variables, while frequency and
percentage were computed for categorical variables. For final analyses, we used the
dichotomized version of NDI (presence/absence of neck disability). Logistic regression was
performed, after adjusting for age, marital status, tumor site, AJCC stage, and time since
treatment completion, to analyze the association between neck disability and HNC treatment
groups (surgery alone, nonsurgical, or surgery and adjuvant therapy).

We performed a trend analysis to test the hypothesis that the probability of neck disability is
ordered among 3 treatment groups: P (surgery alone) < P (nonsurgical) < P (surgery and
adjuvant treatment), with at least 1 strict inequality. In addition to the trend test, we also
performed a 1-sided pairwise test to evaluate differences between the surgery-alone and
nonsurgical groups, as well as similarly between the surgery-alone and surgery plus adjuvant
treatment groups. A nonparametric bootstrap methodology was used to perform these
analyses.30 Ten thousand bootstrap samples were generated to obtain the P value.

To explore the impact of neck disability treatment modality on QOL (physical and social-
emotional subscales), multiple linear regression was conducted after adjusting for age,
marital status, tumor site, AJCC stage, and time since treatment completion. We performed 2
trend analyses to test 2 hypotheses: neck disability absence group has better QOL than the
presence group, and QOL is ordered among 3 treatment groups: QOL (neck disability
absence) = QOL (neck disability presence), QOL (surgery alone) = QOL (nonsurgical) >
QOL (surgery and adjuvant treatment). In addition to the trend test, we also performed a 1-
sided pairwise test to evaluate differences between the surgery-alone and nonsurgical
groups, as well as similarly between the surgery-alone and surgery and adjuvant treatment
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groups. An R package “CLME” was used to perform these analyses.3! Ten thousand
bootstrap simulations were performed to obtain the bootstrap test.

Results

Demographics and Clinical Characteristics

In this study, 214 patients were included. Table 1 displays the demographics and clinical
characteristics for the whole group and by neck disability group as well as the univariate
analysis. The patients’ mean (SD) age was 64.5 (10.1) years. Locally advanced stage at
diagnosis (AJCC I11-1V) was found in 173 (80.8%) patients, while 41 (19.2%) were early
stage. Oropharynx (n = 105, 49.1%) was the most common primary site of tumor followed
by oral cavity (n = 63, 29.4%) and larynx/hypopharynx (n = 46, 21.5%). Eighty percent (n =
84 of 105) of the cases of oropharyngeal cancer were HPV positive.

Of 214 patients, 40 (18.7%) underwent surgical intervention alone, 96 (44.9%) received
nonsurgical therapy, and 78 (36.4%) received both surgery and adjuvant treatment. Of the 96
patients who underwent nonsurgical treatment, only 10 (10.4%) received radiation alone. For
those patients who underwent surgery and adjuvant treatment, 34.6% (n = 27 of 78) received
radiation alone. For 1 patient who underwent surgery plus adjuvant treatment, we were
unable to determine the type of chemotherapy given. Most of the radiation was intensity-
modulated radiotherapy (n = 153 of 174, 87.9%). Patients in both the nonsurgical and
surgery with adjuvant treatment groups, who received chemotherapy as part of their
treatment, most often received platinum-based chemotherapy (n = 71 of 85, 83.5% and n =
47 of 50, 94.0%, respectively). The mean (SD) time since treatment completion was 5.8
(6.0) years, with a median of 4.0 years (range, 1-40 years).

Overall, 116 (54.2%) patients reported the presence of neck disability. Among the survivors
who reported neck disability, the majority (n = 77, 66.4%) had mild or moderate disability,
and 33.6% (n = 39) reported severe to complete disability. Within the nonsurgical treatment
group, the presence of neck disability was not significantly associated with treatment
modality (RT alone or CRT, P=.744), with similar results noted in the surgery plus adjuvant
treatment group (surgery plus RT vs surgery plus CRT, P=.461). Therefore, 3 treatment
groups were used: surgery, nonsurgical treatment, and surgery plus adjuvant treatment.

The mean (SD) score of the physical subscale was 74.1 (18.7), and the social-emotional
subscale was 78.1 (18.4). Among those with no neck disability, the mean (SD) physical
subscale score was 84.7 (10.6), and for those with disability, the mean (SD) physical
subscale score was 64.9 (19.2). Among those with no neck disability, the mean (SD) social
subscale score was 91.5 (7.4), and for those with disability, the mean (SD) social subscale
score was 66.3 (17.1).

Neck Disability

Considering both clinical and statistical significance identified during the univariate analysis
(Table 1), the logistic regression model included the following factors: treatment type
(surgery alone, nonsurgical, surgery plus adjuvant treatment), age (years), marital status
(dichotomous), tumor site, AJCC stage, and time since treatment completion (years). After
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controlling for covariates in the model, marital status and treatment type were significantly
associated with neck disability. Married patients were less likely to report neck disability (P
=.004). Compared to surgery alone, neck disability was significantly higher in patients who
underwent surgery and adjuvant treatment (= .016) (Table 2). The trend test (Figure 2)
revealed that the probabilities of neck disability presence were ordered among 3 treatment
types (P =.005) in the following sequence: P (surgery alone) <P (nonsurgical) <P (surgery
and adjuvant treatment). The probability of reporting neck dysfunction was lowest among
patients who received surgery alone and highest among those who received surgery and
adjuvant treatment. In addition, the logistic regression analysis and the trend tests
demonstrated that the odds of having neck disability for patients receiving nonsurgical
therapy were 3.46 times higher than those undergoing surgery alone (P=.008). The odds of
reporting neck dysfunction were even more pronounced for those receiving surgery and
adjuvant treatment compared to surgery alone (odds ratio [OR], 4.98; £P=.004). However,
the presence of neck disability was not significantly different between the nonsurgical and
surgery plus adjuvant treatment groups (OR, 1.44; P=.217).

Quiality of Life

The linear regression models for both physical and social QOL included the following
factors: neck disability status (absence, presence), treatment type (surgery alone,
nonsurgical, surgery and adjuvant treatment), age (years), marital status (dichotomous),
tumor site, AJCC stage, and time since treatment completion (years). Table 3 shows that
after adjusting for other covariates in the model, AJCC stage, tumor site, treatment modality,
and neck disability were significantly associated with physical QOL. The linear regression
analysis for social QOL (Table 4) shows that neck disability and time since treatment
completion were significantly associated with social QOL while adjusting for other variables
in the model. To further evaluate the association between neck disability and QOL and the
association between treatment modality and QOL, a nonparametric bootstrap test (CLME)31
was performed. The 1-sided tests showed that both physical life and social QOL were
significantly better for patients with no reported neck disability compared to those with neck
disability (P<.001) (Figure 3a,b). As for the influence of treatment type on QOL, the trend
test (Figure 3c) revealed that the physical QOL is ordered among 3 treatment types (P
<.001) in the following sequence: physical QOL (surgery alone) = physical QOL
(nonsurgical) = physical QOL (surgery and adjuvant treatment). One-sided hypothesis tests
revealed that the surgery-alone group had significantly better physical QOL than both the
nonsurgical group (P < .001) and surgery and adjuvant treatment group (P < .001) (Figure
3c). However, physical QOL was not significantly different between the nonsurgical and
surgery and adjuvant treatment groups (2= .409) (Figure 3c).

The trend test revealed that social QOL is ordered among the 3 treatment types (P=.022) in
the following sequence: social QOL (surgery alone) > social QOL (nonsurgical) = social
QOL (surgery and adjuvant treatment). One-sided hypothesis tests revealed that the surgery-
alone group had significantly better social QOL than both the nonsurgical group (P=.024)
and surgery and adjuvant treatment group (= .039). However, social QOL was not
significantly different between the nonsurgical and surgery and adjuvant treatment groups (P
>.999).
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Discussion

The current trend toward increased intensity of standard treatment for HPV-negative HNC
cancer will result in an increasing number of survivors who will live with the resulting acute
and late toxicities of treatment. These cumulative effects of cancer and treatment contribute
to a progressive decline in QOL, which encompasses diminished functionality among these
survivors. While neck disability has been associated with surgical intervention,”-20-22 studies
evaluating neck dysfunction across treatment modalities are limited. A recent small
descriptive study suggested that patients receiving nonsurgical measures may also
experience mild neck disability.24 This study aims to address the critical knowledge gap that
exists in understanding physical impairment in the setting of multimodal and nonsurgical
HNC management.

Our study demonstrated that 54.2% of survivors reported some neck disability, with most of
those survivors (66.4%, n = 77 of 116) reporting mild to moderate disability. In prior studies
that evaluated neck disability through clinical assessment and evaluation, the prevalence
ranged from 11% to 77%.24:32.33 Marital status and treatment type were significantly
associated with neck disability. Married patients were less likely to report neck disability (P
=.004). Previous studies have shown that patients with head and neck cancer who are
married have less metastatic disease, are more likely to receive adequate treatment, and may
experience a survival benefit.3435 The researchers postulate that spouses may support
patients in visual and symptom surveillance. While further analysis is needed, spouses may
also support and aid patients in symptom management, which may contribute to less
reported neck disability.

In a previous study, the highest reported neck disability occurred in patients who underwent
nonsurgical treatment.24 In our study, treatment modality was a predictor of neck disability
(Table 2). Patients who received nonsurgical treatment or surgery with adjuvant treatment
were more likely to experience neck disability than those who received surgery alone,
although there was no difference in the prevalence of neck disability between nonsurgical
treatment and surgery plus adjuvant treatment groups. While neck impairment has been
attributed to surgical insult in previous studies,”20-22 our findings suggest that RT, perhaps
partly through fibrotic changes, may also play a significant role in the development and
progression of neck impairment. It also should be noted that many of our patients who
received nonsurgical therapy received chemoradiation, which brings up the question as to the
risk of neck disability with adding chemotherapy concurrent with RT. Because of the limited
variability in chemotherapeutic agents, we were unable to explore the potential influence of
concurrent chemotherapy in this study. However, this investigation highlights that a better
understanding of the biological mechanisms related to fibrotic changes and the impact of
functional outcomes is needed.

The cumulative impact of neck impairment on daily activities may contribute to lower
physical and social/emational QOL reported by patients in this study. In a previous study of
167 patients, myofascial pain syndrome, which is characterized by intense, deep pain and
limited range of motion, was associated with lower overall QOL.33 Studies have linked neck
dissection with lower QOL,38:37 but most of these studies focus on impairment of the
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shoulder.3” Further work needs to be done to explore the phenomenon of neck impairment,
including impairments in range of motion, posture, and presence of pain in nonsurgical
patients and the relationship with QOL.

By using patient-reported outcomes measures, such as the Neck Disability Index, health care
providers may screen for symptoms and treatment-related toxicities in the clinical setting.
Integration of such metrics into clinical practice may help providers identify acute and late
treatment-related effects. More important, through systematic identification of patients’
symptom burden and impact on QOL, care teams may intervene earlier in the survivorship
trajectory and monitor for changes over time. Early intervention via rehabilitation and
exercise programs38:3% may help mitigate the neck impairment that these survivors, like the
ones examined in our study, experience. There are several limitations to this study. Most of
the survivors evaluated in our multidisciplinary HNC survivorship clinic were treated at a
single institution, and our sample had limited variability in race and marital status. A larger,
more diverse sample from several institutions would allow for further exploration on the
influence of these variables on neck disability. Furthermore, the survivorship clinic is
designed to meet the multifaceted needs of survivors with an emphasis on the
multidisciplinary management of late and long-term effects of treatment. The purpose of this
clinic may lead to a selection bias of patients with a high burden of symptom and treatment-
related effects. In addition, both the UWQOL social-emotional subscale and NDI contain
items assessing pain and recreation, thereby potentially confounding the association between
social QOL and NDI noted in this analysis. Future studies should employ objective measures
of neck function, such as cervical range of motion, and physical assessment to corroborate
and elaborate patient-reported outcome findings. Finally, the sample size limited our ability
to compare QOL scores across individual neck disability levels. Future studies could provide
a more detailed picture of QOL scores stratified by more discriminate levels of disability.

Conclusion

This study demonstrates a high prevalence of neck disability and pain after nonsurgical
treatment with RT or CRT only. We found that neck disability significantly affects QOL
beyond physical impairment alone. Neck disability represents a substantial treatment-related
burden, even in the absence of surgery. In the longitudinal care of HNC survivors, more
comprehensive screening is warranted, particularly among those treated with cytotoxic and
radiation modalities. Finally, these results merit further study of mechanisms of toxicities
and development of targeted medical and biological interventions to mitigate these toxicities.
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Figure 1.

Consolidated Standards of Reporting Trials (CONSORT) flow diagram. NDI, Neck

Disability Index.
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Figure 2.

Probability of having neck disability for each treatment type. Probabilities were obtained
after adjusting for age, marital status, tumor site, American Joint Committee on Cancer
stage, and time since treatment completion at their average values.
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(a, b) Association between neck disability and quality of life (QOL). (c, d) Association
between treatment type and QOL. (Both physical QOL and social QOL were obtained after
adjusting for age, marital status, tumor site, AJCC stage, and time since treatment

completion.
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Logistic Regression of Demographics and Clinical Characteristics Associated with Neck Disability.

Table 2.

Variables OR (95% CI) P Value
Age, y 0.977 (0.947-1.008)  .152
Time since treatment completion,y  0.970 (0.918-1.024) .263
AJCC stage
Tis-11% 1.195 (0.451-3.166) .720
1-1v (Base)
Tumor site
Oral cavity 1.116 (0.413-3.014) 476
Oropharynx 0.691 (0.311-1.533)
Larynx/hypopharynx (Base)
Treatment modality
Surgery alone 0.201 (0.067-0.602) .016
Nonsurgical 0.695 (0.333-1.448)
Surgery + adjuvant treatment (Base)
Marital status
Married (Base) .004

Divorced/LWP/widowed/single 2.698 (1.371-5.308)

Abbreviations: AJCC, American Joint Committee on Cancer; Cl, confidence interval; LWP, living with partner; OR, odds ratio.

aTis =1
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Multiple Linear Regression of Variables Associated with the University of Washington Physical Quality of

Life Subscale.

Table 3.

Variables Coefficient (95% CI) P Value
Age, y -0.095 (-0.306, 0.115) 373
Time since treatment completion, y 0.326 (-0.029 to —.680) .072
AJCC stage
Tis-11% 8.235 (1.612 to 14.858) .015
1-1v (Base)
Tumor site
Oral cavity -11.350 (-17.855to -4.844) 003
Oropharynx -4.910 (-10.189 to 0.368)
Larynx/hypopharynx (Base)
Treatment modality
Surgery alone 13.654 (6.362 to 20.945) .0008
Nonsurgical 0.099 (-4.840 to 5.038)
Surgery + adjuvant treatment (Base)
Neck disability
No 16.640 (12.520 to 20.760) <.0001
Yes (Base)
Marital status
Married 2.001 (-2.519 to 6.521) .384

Divorced/LWP/widowed/single

(Base)

Abbreviations: AJCC, American Joint Committee on Cancer; Cl, confidence interval; LWP, living with partner.

Tis=1.
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Multiple Linear Regression of Variables Associated with the University of Washington Social Quality of Life

Table 4.
Subscale.
Variables Coefficient (95% CI) P Value
Age, y 0.077 (-0.114 to 0.268) 429
Time since treatment completion, y 0.343 (0.018 to 0.668) .039
AJCC stage
Tis-11% 4.694 (-1.278 to 10.666) 123
-1v (Base)
Tumor site
Oral cavity -0.281 (-6.256 to 5.695) .055
Oropharynx 5.034 (0.186 to 9.882)
Larynx/hypopharynx (Base)
Treatment modality
Surgery alone 5.556 (-1.094 to 12.207) .215
Nonsurgical -0.267 (—4.806 to 4.272)
Surgery + adjuvant treatment (Base)

Neck disability

No 22.666 (18.864 to 26.468)  <.0001
Yes (Base)

Marital status
Married 0.804 (—3.398 to 5.005) .706
Divorced/LWP/widowed/single (Base)

Abbreviations: AJCC, American Joint Committee on Cancer; LWP, living with partner.

Tis=1.
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